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Microsoft C 5.1 

Optimizing Compiler 


For Personal Computers Running 
the MS, OS/2 or MS-DOS. 
Opemting System 


Miaoson 


Microsoft C Optimizing Compiler 5.1 Techbox 
Comp iler 

• Optimizations that generate the fastest code for DOS and 
OS/2 systems. 

- In-line code generation. 

- Loop optimizations. 

- Elimination of common subexpressions. 

• Full OS/2-system support to break the 640K barrier. New. 

- Family API programs that mn under DOS and the OS/2 
systems. New. 

- Write multithreaded programs and Dynamic Link 
Libraries. New. 

• Small, medium, compact, large, and huge memory models. 

• Mix models with NEAR, FAR, and HUGE keywords. 

• Fast compilation (10,000 lines/minute) with Microsoft 
(picker 

• Fastest math, in-line 8087/80287 instnretions, and 
floating-point calls. 

• More complete support of proposed ANSI standard. 

• Over 350 library functions, including a graphics library. 

Microsoft CodeView 

• Full OS/2 systems support. New. 

- Debug applications of up to 128 MB under the OS/2 
systems. New. 

- Debug multithreaded programs and Dynamic Link 
Libraries. New. 

• Source-level dd)ugging for pecise control over programs. 

- Dynamic breakpoints in the source. 

- Debug programs written in a variety of Microsoft 
languages. New. 

- Full symbolic display of C structures. New. 

- Interactively follow linked lists and nested structures. 
New. 

- Watch variables, memory, registers, and flags. 

Other Utilities 

• Fast linking (twice as fast as the C 4.0 version linker). 

• OS/2 incremental linker- up to 20 tim^s faster than a foil 
link. New. 

• OS/2- and MS-DOS reconfigurable programmer’s 
editor. New. 


Everything about Microsoft® C Optimizing 
Compiler version 5.1 is dedicated to the professional 
programmer. 

Fast code. Fast development. Fast debugging. And 
full support for both MS-DOS® and the OS/2 systems 
in a single package. 

There’s no faster C code on a PC, because power¬ 
ful optimizations, such as in-line code generation and 
loop enregistering, generate executables that are com¬ 
pact and efficient. The documentation even teaches 


you special coding techniques to squeeze every last bit 
of sp^ out of your code. 

Fast code isn’t all you get. Under MS® OS/2, the 
640K barrier is gone so you can write C programs as 
large as a gigabyte. You can call the operating system 
directly. Create more responsive programs (multiple 
threads allow program operations to overlap). And 
build Dynamic Link Libraries (DLLs) that can be 
shared, saving valuable memory. DLLs also allow 
your main programs to be smaller, so they load faster. 
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Microsoft C Optimizing Compiler 5.1 Techbox 
Comp iler 

• Optimizations that generate the fastest code for DOS and 
OS/2 systems. 

- In-line code generation. 

- Loop optimizations. 

- Elin^ation of common subexpressions. 

• Full OS/2-system support to break the 640K barrier. New. 

- Family API programs that run under DOS and the OS/2 
systems. New. 

- Write multithreaded programs and Dynamic Link 
Libraries. New. 

• Small, medium, compact, large, and huge memory models. 

• Mix models with NEAR, FAR, and HUGE keywords. 

• Fast compilation (10,000 lines/minute) with Microsoft 
(^ckC:“ 

• Fastest math, in-line 8087/80287 instructions, and 
floating-point calls. 

• More complete support of proposed ANSI standard. 

• Over 350 library functions, including a graphics library. 

Microsoft CodeView 

• Full OS/2 systems support. New. 

- Debug applications of up to 128 MB under the OS/2 
systems. New. 

- Debug multithreaded programs and Dynamic Link 
Libraries. New. 

• Source-level debugging for precise control over programs. 

- Dynamic breakpoints in ^e source. 

- Debug programs written in a variety of Microsoft 
languages. New. 

- Full syinbolic display of C structures. New. 

- Interactively follow linked lists and nested structures. 
New. 

- Watch variables, memory, registers, and flags. 

Other Utilities 

• Fast linking (twice as fast as the C 4.0 version linker). 

• OS/2 incremental linker- up to 20 times faster than a foil 
link. New. 

• OS/2- and MS-DOS reconfigurable programmer’s 
editor. New. 


You can even write a single Family API program that 
mns under both MS-DOS and MS OS/2. 

Microsoft Editor is the first reconfigurable text 
editor for programmers that lets you develop under 
MS-DOS and MS OS/2. Under MS OS/2, multitask¬ 
ing lets you edit one file while you compile another, 
which cuts development time. You can even generate 
multiple compiles that report errors directly back into 
your source code. 

Microsoft CodeView® is the highly acclaimed 


window-oriented source-level debugger that makes 
debugging fast and efficient. You can view program 
execution while you watch variables and register 
values change. And under MS OS/2 you can debug 
multithreaded apphcations, DLLs, and programs as 
large as 128 MB. 

New Microsoft C Optimizing Compiler 5.1 for 
the professional programmer. It’s all the speed you need 
Call (800) 541-1261, 

Department F36. 


Microsoft, the Microsoft logo, MS. MS-DOS. and CodeView are registered trademarks of Microsoft Corporation. 
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Indiistml-Strength 386 


The issues involved 
in implementing a 
local area network 
are becoming more 
complex all the time. 
Systems profession¬ 
als need guidelines 
for deciding which 
approach is best for 
them. With this issue 
we begin a compre¬ 
hensive study of 
LANs to help lead 
you into the era of 
connectivity. 


Product review: 
100 NetWare 2.1 




FTn 



FOR SYSTEMS DEVELOPERS AND INTEGRATORS 


NETWORK COMPLEXITY 

STEVEN S. KING 

The old joke about the computer industr}' loving standards so 
much that it has hundreds of them is accentuated in the area 
of local area networks. Ever)' aspect of networks can claim a 
number of “standards,” so negotiating the path to LAN 
implementation can be treacherous. To help clear up the 
confusion, we identify the standards, sort through the issues, 
and design a set of criteria and a performance benchmark to 
help you evaluate current LAN technology. 


NOVELL ADVANCES 

STEVEN S. KING 

Novell’s NetWare 2.1 is the first network operating system 
subjected to our new criteria and performance benchmark. 
Novell, the market leader in network operating software, 
hopes to bolster its position with this newest release. We run 
our LAN performance benchmark and look in painstaking 
detail at security; file, print, and communications services; 
protocols; and operating system internals to see if NetWare 2.1 
can indeed solidify Novell’s prominence in the LAN communit)'. 




LAN FAN 

The first clue to technical editor Steven King’s 
total dedication to loal area networks may be 
the vanity license plates adorning his Volvo; 

“LAN FAN.” The next clue may be his office, 
overflowing with LAN books, LAN diagrams, and 
LAN paraphernalia. King has spent most of the 
last 10 years setting up in excess of 100 
networks for law firms, corporations, and the 
U.S. government. Since joining PC fee/; Journal seven months ago, he 
has worked virtually nonstop, managing our own network and outfitting 
our testing facilities with the capability to evaluate LANs. For this month’s 
cover suite, he spent countless hours conducting telephone interviews 
with the chief executive and technical officers of the major LAN vendors 
and was frequently found buried under documentation in his office or the 
lab. His extensive knowledge will give our continuing LAN coverage a 
solid foundation from which to grow. 
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APPLICATION 

DEVELOPMENT 


Product reviews: 
Nine optimizing C 
compilers 


COMPUTER 

SYSTEMS 


Product review: 

ALR FlexCache 20386 


Product reviews: 
PC-Elevator 386 
Inboard386/PC 
Quad386XT 


OPERATING 

ENVIRONMENTS 


HIGHLY POLISHED C CODE 

PHILIP N. HISLEY 

Developers are forever in search of ways to create faster code; 
most major C compiler vendors are trying to meet that need 
with optimization. We developed a benchmark to test a 
compiler's optimization capabilities and put the following 
products to tfie test: Borland’s Tlirbo C, Computer Innovations’ 
C86P1us, Datalight’s Optimum C, Lattice’s MS-DOS C, Manx’s 
Aztec C86, Metaware’s High C, Microsoft’s C 5.0 and QuickC, 
and WATCOM’s C 6.0. The results may surprise you. 


INDUSTRIAL-STRENGTH 386 

DAVID CLAIBORNE 

The FlexCache 20386 from Advanced Logic Research aims for 
the power user who wants maximum hardware performance 
per dollar spent. With comparable performance to other 20- 
MHz 386 machines, the FlexCache 20386 comes in at a 
relatively lower price. Our compatibility and performance 
evaluation suite shows this to be a solid machine offering all 
the basics—but lacking some of the finishing touches. 


THE SOUPED-UP PC 

THOMAS V. HOFFMANN 

Tired of that old 8088 processor? Feel like you’re running in 
slow motion? PC and XT owners, there’s hope; 386 add-in 
boards will breathe new life into sluggish machines. We go for 
a test drive in an XT with ARC’S PC-Elevator 386, Intel’s 
Inboard 386/PC, and Quadram’s Quad 386XT. The results? It’s 
not a genuine 386, but it certainly does move faster. 


FAMILY TIES 

DAVID SCHMITT 

Microsoft knew well enough that it could not sever all ties to 
DOS when it developed OS/2. The connecting link is family 
mode, in which applications can run unchanged under either 
operating system. The sacrifices are that many of OS/2’s finest 
features go unused. We give guidelines and sample code for 
developing family-mode applications. 
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Software Tools 

For Programmers & Non-Programmers 



★ NEW^ 
VERSION 


Opt-Tech Sort’ 


★ NEW ★ 
VERSION 


Opt-Tech Sort is a high performance Sort/Merge/ 
Select utility. It can read, sort and write a file faster than 
most programs can read the data. Example: 1,000 
records of 80 bytes can be read sorted and a new file 
written in less than 9 seconds (IBM XT). Opt-Tech Sort 
can be used as a stand-alone program or Called as a 
subroutine to over 30 programming languages. 

Numerous features are Included. A partial list of fea¬ 
tures includes: The ability to process files of any size. 
Many flletypes are supported including Sequential, 
Random, delimited, Btrieve, dBASEII & III and many 
others. Up to 30 key fields can be specified over 16 
different types of data are supported. Powerful record 
selection capability allows you to specify which records 
are to be included on your output. Record reformatting 
allows you to change the structure of your output record 
and to output special fields such as record numbers for 
use as indexes. Newest Features: Faster than ever! 
LIM EMS support. User exits to pass or receive 
records. Less disk space required and much morel 
MS-DOS $149. 


On-Line Help™ 

On-Line Help allows you to easily ado Help Windows to 
all your programs. On-Line Help is actually two help 
packages in one. You get BOTH Resident (pop-up) and 
Callable help systems. 

The resident version allows you to add help to any 
system. Your Help system is activated when the “Hot 
Keys” that you specify are pressed. You can then chain 
between help windows in any manner you desire. Upon 
clearing the help windows you are right back into what 
ever program you left. 

The callable version allows you to easily display help 
windows from your programs. A simple Call to the help 
system makes the window appear. On-Line Help is 
callable from over 20 different languages. 

You have full control over the help window content, 
size, color and location. MS-DOS $149. Demo $10. 


Scroll & Recall" 

Scroll & Recall is a resident screen and keyboard 
enhancement. It allows you to conveniently scroll back 
through data that has gone off the top of your display 
screen. Up to 27 screens of data can be recalled or 
written to a disk file (great for documenting systems 
operations). Also allows you to easily recall and edit 
previously entered DOS commands without retyping. 

Scroll & Recall is very easy to use. Its a resident utility 
that’s always there when you need it. MS-DOS $69. 


Visa, M/C, AMEX, Check, Money Order, COD 
or Purchase Orders accepted 

To order or to receive additional information just call 
and receive immediate highly qualified attention! 


Opt-Tech Data Processing 

P.O. Box 678 / Zephyr Cove, NV 89448 
(702) 588-3737 


CIRCLE NO. 222 ON READER SERVICE CARD 





VOL. 6, NO. 6 

PUBLISHER: Doriald J. Byrnes 

EDITORIAL DIRECTOR: Will Fastie 

EDITOR: Julie Andeison _ 

EDITORIAL 

EXECUTIVE EDITORS: Siisan Holly, David Methvin 
MANAGING EDITOR: Gail Shaffer' 

SENIOR TECHNICAL EDITOR: Shields 

TECHNICAL EDITORS: Maxine Fontana, Philip N. Hisley, Steven S. King, 

Ted Mirecki 

ASSOCIATE EDITORS: David Robb, Douglas Tallman, Jordene Zeimetz 
SENIOR COPY EDITOR: Bruce Aytsley 
COPY EDITOR: Judith Estiin 

EDITORIAL PRODUCTION ASSISTANT: Katherine M. Kiwak 

NEW PRODUCTS EDITOR: Carole Eping 

LAB TECHNICIAN: Todd Bannar 

EDITORIAL ASSISTANT: Barbara Smith 

BUSINESS MANAGER: Trislj Ledbetter 

EDITORIAL SECRETARY: Beth Sauberlido 

RECEITIONIST: Tobie J. Ketterer 

CONTRIBUTING EDITORS: Steven Armbrust, Dave Broivning, David 
Claiborne, Peter C. Coffee, Richard M. Foard, Ted Forgeron, Tloomas V 
Hoffmann, Max Stul Oppenheimer _ 

ART & PRODUCTION 

ART DIRECTOR: Sharon Reuter 
ASSOCIATE ART DIRECTOR: Courtney Barone 
ASSISTANT ART DIRECTOR: Qystal Hopkins 
ART ASSISTANT: Chen Glover 
PRODUCTION MANAGER: Alison Regan Mrohs 

CONTRIBUTING ARTISTS: Maciek Albredjt, David Povilaitis _ 

ADVERTISING SALES 

ADVERTISING DIRECTOR/EAST: Rita Burke 
ADVERTISING DIRECTOR/WEST: Phyllis Egan 
NATIONAL TELEMARKETING MANAGER: Al'lene Braithwaite 
MARKETING DIRECTOR: Marti Cunha 
ASSISTANT TO THE PUBLISHER: Lucy> Frazer 
ADVERTISING COOI^INATOR: JeanMarie Donlin 
MARKETING COORDINATOR: Kimberly Schroeder 
MARKETING ASSISTANT: Debbie Lintner 
SALES SECRETARY: Maty Banow 

DISTRICT MANAGERS: Bill Barney—Southeast and Eastern Canada; 

Melinda Maginn—New England; John Blake — Mid-Atlantic; Mike 
Leonard — midwest; Steve Moorman, Gayl Sorota, DeboraJj Gisonni, Elaine 
Ebner—West Coast 

ACCOUNT REPRESENTATB^S: Mary' Martin—Southeast and New England; 
Nannette Vilushis—Midwest ana Mid-Atlantic; Patti Ahlswede, Donna 
Wood iy^rus—West Coast; Classified Advertising Director—Kathrym 
Cumberlander 


CIRCULATION 

CIRCULATION MANAGER: Charles Mast 

CIRCULATION SALES DEN'TLOPMENT: Daniel Rosensiveig 

MEDIA MANAGER: Melinda Kendall 

RETAIL SALES MANAGER: Carol Benedetto _ 

GROUP VICE PRESIDENT: J. Scott Briggs _ 

ZIFF-DAVIS PUBLISHING COMPANY, a division of Ziff Communications Co. 
PRESIDENT: Kenneth H. Koppel 

GROUP VICE PRESIDENTS: J Scott Briggs, William Lohse 
SENIOR VICE PRESIDENT, Marketing: F^ul H. Chook 
VICE PRESIDENT, Operations: Baird Davis 
VICE PRESIDENT, Controller: John Vladjos 
MCE PRESIDENT, Creative Serxices: Herbert Stet'tt 
VICE PRESIDENT, Research: Marian O. White 
MCE PRESIDENT, Classified Advertising: Alicia Marie Ivans 
MCE PRESIDENT, Circulation: Bert Lacy’ 

MCE PRESIDENT, Circulation Services: Ramaley 

VICE PRESIDENT, Marketing Services: Ann Poliak Aaelman 
MCE PRESIDENT, Development: Seth Alpert 
DIRECTOR OF PLANNING: Gary' A Gustafson 

PRODUCTION DIRECTOR: Walter J- Terlecki _ 

ZIFF COMMUNICATIONS COMPANY 

CHAIRMAN: Philip B. Korsant; PRESIDENT: Kenneth H. Koppel; SENIOR MCE PRESIDENTS: 
Philip Sine, Hugh Tietjen; MCE PRESIDENTS: William L Phillips, J. Malcolm Morris, Steven 
C. Feinman; TfeASURER: Laurence Usdin; SECRETARY: Bertram A Abrams _ 

EDITORIAL OFFICE 

PC Tech Journal, Suite 800, 10480 Little Patuxent Parkwav, Columbia, MD 21044. 301/740- 
8300. FAX (group 3): 301/740-8809. MClMail: PCTECH. PCTECHline: 301/740-8383. Telex: 
6502565932 MCI._ 

ADVERTISING OFFICES 

Corporate/Southeast/Canada; Suite 800, 10480 Little Patuxent Parku-ay, Columbia, MD 
21044; 301/740-8300. New England: 144 Watchung Avenue, Upper Montclair, NJ 07043; 
201/509-8148. Mid-Atlantic: 89 Pearsall Place, Merrick, NY 11566; 516/546-7505- Midwest: 
Suite 1400, 180 N. Michigan Avenue, Chicago, IL 6060T, 312/346-2600. West Coast: 3460 
Wilshire Blvd., Los Angeles, CA 90010; 213/387-2100. 110 Marsh Drive, Foster City, CA 
94404; 415/378-5580.__ 

SUBSCRIPTION INQUIRIES 

PC Ted) Journal, P.O. Box 2968, Boulder, CO 80321. Subscription service.- 800/525-0643, 
303/447-9330. Back issues: send $7/copy ($8 outside U.S.) to Ziff-Davis Publishing. One 
Park Avenue, 4th floor. New York, NY 10016. _ 

PC Ted) Journal (ISSN 0738-0194) is published by Ziff-Davis Publishing Co., a division of 

Ziff Communications Co., One Park Ave., New York, NY 10016. Published monthly except 
semi-monthlv in December. Subscription rate is $34.97 for one year (13 issues). Additional 
postage for Canada and Foreign is 1.60/copy or $8.00/year. Second-class postage paid at 
New York, NY, and at additional mailing offices. POSTMASTER: Send address changes to PC 
Tech Journal, P.O. Box 2968, Boulder, CO 80321. 

PC TECH JOURNAL is an independent journal, not affiliated in any way with International 

Business Machines Corporation. IBM is a registered trademark of International Business 
Machines Corp. Entire contents Copyright ® 1988 Ziff-Da\1s Publishing Company, a division 
of Ziff Communications Company. All rights resented; reproduaion in whole or in pan 
without permission is prohibited. Direa written requests to Jean Lamensdorf, Licensing 
Manager, Reprints/Rights & Permissions, One Park Avenue, New York, NY 10016. 



4 





































Periscope Power 


Keeps you going full steam ahead when other 
debuggers let you down! With four models to pick 
from, you’ll find a Periscope that has just the 
power you need. 


Start with the model that fits your current needs. If you 
need more horsepower, upgrade for the difference in 
price plus $10! 

When you move to another Periscope model, don’t 
worry about having a lot to learn... Even when you move 
to the most powerful model. Periscope III, an extra dozen 
commands are all that’s involved. 

A Periscope I user who recently began using 
Periscope III writes, ‘7 like the 
fact that within the first half 
hour of use I was debugging my 
program instead of learning to 
use the debugger.'" 



^Undercover Debugger 
o 



Periscope software 
& 200+ page 
manual 


■ Periscope^s software is solid, comprehensive, and 

flexible^ it helps you debug just about any kind of program you can 
write... thoroughly and efficiently. 

Periscope’s the answer for debugging device-drivers, memory-resident, non-DOS, 
and interrupt-driven programs. Periscope works with any language, and provides 
source and/or symbol support for programs written in high-level languages and 
assembler. 

■ Periscope^s hardware adds the power to solve the 
really tough debugging problems. The break out switch lets 

you break into the system any time. You can track down a bug 
instantly, or just check what’s going on, without having to 
reboot or power down and back up. That’s really useful when 
your system hangs! The switch is included with Periscope I, 
Periscope II, and Periscope III. 

Periscope I has a board with 56K of write-protected RAM. 
The Periscope software resides 
in this memory, safe from run- Periscope i Board 

away programs. DOS memory, 
swucif'^® Break-Out where debugger software 
would normally reside, is 
thus freed up for your program. 

Periscope III has a board with 64K of 
write-protected RAM, which performs the 
same function as the Periscope I protected 
memory. AND... 

The Periscope III board adds another powerful dimension to your 
debugging. Its hardware breakpoints and real-time trace buffer let you track down 

bugs that a software- 
oriented debugger would 
take too long to find, or 
can’t find at all! 

Periscope III Board 







What Periscope Users 
Like Best: 

“I like the clean, solid design and the crash 
recovery.” Periscope I user 

“I like the ability to break out of (a) locked 
up system! Periscope II user 

“I am very impressed with Periscope II-X 
... it has become my ‘heavy duty’ debugger 
of choice, especially if I need to work on a 
memory resident utility or a device driver.” 

Periscope II-X user 

”. . . Periscope III is the perfect answer to 
the debugging needs of anyone involved in 
real-time programming for the PC . .. The 
real time trace feature has saved me many 
hours of heartache already.” 

Periscope III user 

■ Periscope I includes a half-length 
board with 56K of write-protected RAM; 
break-out switch; software and manual for 
$345. 

■ Periscope II includes break-out switch; 
software and manual for $175. 

■ Periscope II-X includies software and 
manual (no hardware) for $145. 

■ Periscope III includes a full-length 
board with 64K of write-protected RAM, 
hardware breakpoints and real-time trace 
buffer; break-out switch; software and 
manual. Periscope III for machines run¬ 
ning up to 8 MHz is $995; for machines 
running up to 10 MHz, $1095. 

REQUIREMENTS: IBM PC, XT, AT, or close 
compatible (Periscope III requires hardware 
as well as software compatibility); DOS 2.0 or 
later; 64K available memory; one disk drive; 
an 80-column monitor. 

Call us with your questions. We’ll be happy 
to send you free information or help you 
decide on the model that best fits your 
needs. 

Order Your Periscope, 
Toll-Free, Today! 
800 - 722-7006 

MAJOR CREDIT CARDS ACCEPTED 


PERISCOPE 


Company, Inc. 


1197 PEACHTREE ST. 
PLAZA LEVEL 
ATLANTA, GA 30361 
404/875-8080 
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DESQview API Reference Manual 

This is the primary source of information 
about the DESQview API. It contains all you 
need to know to write assembly language pro¬ 
grams that take full advantage of DESQview’s 
capabilities. The Reference manual comes with 
an include file containing symbols and macros 
to aid you in development. AVAILABLE NOW! 

DESQview API C Library 

The DESQview API C Library provides 
C Language interfaces for the entire set of API 
functions. It supports the Lattice C, Metaware 
C, Microsoft C, and Turbo C compilers for all 
memory models. Included with the C Library 


package is a copy of the API Reference 
Manual and source code for the library. 
AVAILABLE NOW! 

DESQview API Debugger 

The DESQview API Debugger is an 
interactive tool that enables the API pro¬ 
grammer to trace and single step through 
API calls from several concurrently running 
DESQview-specific programs. Trace infor¬ 
mation is reported symbolically along with 
the program counter, registers, and stack at 
the time of the call. Trace conditions can be 
specified so that only those calls of interest 
are reported. AVAILABLE JUNE 88 


Quarterdeck 















Intixiduciiig 

ESSQviewZO 

API Tools 

Bringiiig 

newpower 

toDOS 


DESQview API Panel Designer 

The DESQview API Panel Designer is an 
interactive tool to aid you in designing win¬ 
dows, menus, help screens, error messages, 
and forms. It includes an editor that lets you 
construct an image of your panel using simple 
commands to enter, edit, copy, and move text 
as well as draw lines and boxes. You can then 
define the characteristics of the window that 
will contain the panel, such as its position, size, 
and title. Finally, you can specify the locations 
and types of fields in the panel. 

The Panel Designer automatically generates 
all the DESQview API data streams necessary 


Quarterdeck Office Systems 
150 Pico Boulevard 
Santa Monica, CA 90405 
(213) 392-9851 


to display and take input from your panel. 
These data streams may be grouped together 
into panel libraries and stored on disk or as 
part of your program. AVAILABLE JUNE 88 

DESQview API Pulldown 
Menu Manager 

The DESQview API Pulldown Menu 
Manager is an interactive tool to aid you in 
designing pulldown menus. This DESQview 
API tool assists you in giving your DOS 
program an OS/2-like look and feel. 
AVAILABLE JULY 88 

o 

MS-DOS and IBM PC-DOS are both trademarks of 
Microsoft Corporation and IBM Corporation respectively. 
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Finally, there’s an SQL that gets back to 
BASIC. And COBOL. And C. And Pascal. 


As a programmer, you’ve probably already 
faced it—the database dilemma. Do you use an SQL 
for easy database handling, or a true programming 
language for maximum power and flexibility? 

Now you can do both with XQLf the relational 
data management system from the developers of 
Btrieve.® 

The Programmer’s SQL. With XQL, you 
can access your data with the ease of Structured 
Query Language through simple subroutine calls 
from traditional programming languages. XQL sup¬ 
ports standard SQL syntax, including subqueries, 
unions and security groups. 

XQL Relational Primitive Operations. 

In addition, XQL lets you bypass the SQL level and 
perform highly efficient, relational primitive opera¬ 
tions directly. You get all the functionality of a rela¬ 
tional database model without the constraints of a 
4th generation language. 

Building on Btrieve. The heart of Novell’s 
family of data management tools is Btrieve. By 
letting you access multiple records at a time, XQL 
adds a powerful dimension to Btrieve. XQL incorpo¬ 
rates sophisticated data manipulation features which 


allow you to access data by field name, move forward 
or backwards through the database, compute fields 
from other fields or constants, and even work with 
composite records built from multiple, joined 
Btrieve files. 

Like Btrieve, XQL offers features like multi¬ 
user support, fault tolerance, comprehensive 
documentation, and expert technical support. And 
you never pay royalties on your XQL applications. 

Solve the database dilemma with XQL, the SQL 
that speaks your language. Only $795.* See your 
Authorized Novell Gold Reseller, or call us at 
(512) 346-8380. 

For more information, call from your modem 
1-800-444-4472 (8 bit, no parity, 1 stop bit) and enter 
the access code NVXQL3. 



For software solutions, 
you should be seeing red. 


’Suggested retail price (US dollars) ©1988 Novell Inc., World Headquarters, 1 22 East 1700 South, Provo, Utah 84601 (801) 379-5900 

Requires Btrieve 4.x and PC-DOS or MS-DOS 2.x, 3.x. 
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Systems Perspective 

LAN Issues 

Opportunity abounds. So do problems. But LANs are a 
direct route to thefuture of corporate computing. 


JULIE ANDERSON 



L ocal area networks are the key to 
building multiuser systems, while 
still keeping personal computers 
personal. Unlike mainframes and mini¬ 
computers, a LAN allows us to share 
work-group and corporate data, print¬ 
ers, modems, and other resources with¬ 
out having to share a processor—and 
we are still able to maintain local data 
and applications. 

Despite these differences, many of 
the same systems issues that apply to 
shared-processor multiuser systems 
apply to LANs—for example, system 
security, data integrity and reliability, 
user response time, electronic messag¬ 
ing, and resource use accounting. 

These are issues that should be familiar 
to most of you; we learned from our 
most recent subscriber study that 69 
percent of our readers have an average 
of 10 years’ experience working with 
mainframes, and 65 percent have an 
average of six years’ experience work¬ 
ing with minicomputers. 

Besides understanding the prob¬ 
lems that LANs must address, you can 
also appreciate the opportunities they 
open up for building sophisticated ap¬ 
plications on personal computers. With 
the advent of database servers, LANs 
are fast becoming the enabling technol¬ 
ogy for distributed applications as well 
as distributed data. 

Although the lower layers of the 
Open System Interconnection (OSI) 
model have stabilized, effective stand¬ 
ards for the session and presentation 
layers are still evolving. Microsoft’s 
OS/2 LAN Manager, which has gathered 
impressive support from industry ven¬ 
dors, may well answer these concerns. 
Still, many network operating systems 
and protocols may have to coexist for 
some time to come. 

Network bridges and gateways are 
becoming more prevalent. Where 3270 
emulation boards used to be installed 
in multiple PCs, a 3270 gateway is now 
being installed instead. In the future. 


corporations will be configured as net¬ 
works of networks—and the problems 
will multiply. 

In this month’s cover suite, de¬ 
signed and written by our resident LAN 
expert, technical editor Steven S. King, 
we introduce a series of in-depth re¬ 
views of network operating systems. In 
the first article, “Network Complexity,” 
(p. 44), King draws upon his 10 years 
of experience in designing, installing, 
and managing networks in order to 
analyze tlie current state of LAN tech¬ 
nology and the directions in which it is 
likely to move in the future. He points 
out which network problems are ade¬ 
quately addressed by existing technol¬ 
ogy, and he reveals which areas still 
need standards. 

King also introduces PC Tech Jour- 
naVs LAN performance benchmark. 

Like other multiuser systems, networks 
elude having their performance mea¬ 
sured precisely. Each component of a 
network—the underlying topology, the 
server’s and workstation’s hardware 
(processor, bus, and disks), the net¬ 
work operating system, the number of 
active nodes, and even the applications 
being run by the end user—are con¬ 
tributing factors. Network performance 
at any moment, therefore, depends on 
how the LAN is configured and used. 


Rather than trying to develop a 
single number that pegs a network’s 
performance, the system administrator 
needs to construct a profile of the net¬ 
work’s capabilities under different 
loads and with varying operating sys¬ 
tem parameters. This is exactly what 
the PC Tech Journal LAN performance 
benchmark does. Designed to measure 
end-to-end network throughput, the 
benchmark allows the system adminis¬ 
trator to tune performance by varying 
the LAN’s configuration. 

In what we feel is the definitive 
reference on Novell’s NetWare 2.1, 
(“Novell Advances,” p. 58), King exam¬ 
ines security; file, print, and communi¬ 
cations services; client-server protocols; 
and operating system internals. Finally, 
he analyzes the results obtained from 
the LAN performance benchmark as 
run on NetWare 2.1. 

OPTIMAL C 

Performance is also an important con¬ 
sideration in choosing a C compiler. In 
February’s Systems Perspective, I wrote 
that Microsoft C 5.0 produced the “best 
performing code of all the compilers 
we tested” in that month’s “State of C” 
cover suite (p. 52). Peter Olcott of 
Omaha, Nebraska, took exception to 
my comment (see Letters, April 1988, 
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“A Cure For The 
Common ColcT* 

Do you suffer from the following symptoms? 

Applications take forever 
Grueling maintenance 
Locked out of source code 
Sacrifice portability 
Clients are waiting... 


Now, your prescription for relief, 
the d-tree development toolbox. 


- C file maintenance programs in minutes 
■ Modify programs in an instant 

- Complete C source code 

• Follows FairCom’s standard of portability 


Tools and complete programs for. 





d-l;ree~ 

DEVELOPMENT TOOLBOX 

TM 

C'tree 

FILE HANDLER 

• data dictionary management 

• program dictionary 

• file reorganization 

• screen handler 

• applications generator 

• fixed and variable length data 

• unparalleled speed of B+ trees 

• industry’s first portable file server 

• key compression 

• DOS, UNIX, Mac, OS/2, XENIX, VAX 

TM 

r-tree 

REPORT GENERATOR 

FairCom Philosophy 

• complete source code...now 
mnning in over 60 environments 

• no royalties on applications 

• unlimited tech support 

• freedom to port to all your 
machines/free upgrade listings 

• d-tree intro $495, c-tree $395, 
r-tree $295...buy together and save 

• no printer spacing charts 

• change r^eports quickly 

• unlimited control breaks, 
accumulators and virtual fields 

• powerful search, select and 
sort operations 


o 


FairCom 

4006 West Broadway 
Columbia, Missouri 65203 
314/445-6833 
FAX 314/445-9698 


The foDowing are trademarks as noted; CINIX/AT&T, XENIX/Microsoft. Inc., MACINTOSH/ZKpple Computer, Inc., VAX/DEC 


SYSTEMS PERSPECTIVE 


p. 13), pointing out that the bench¬ 
marks we published did not support 
that statement. I answered that the 
benchmarks were run without full opti¬ 
mizations set. With optimizations on, 
Microsoft C 5.0 was the clear winner. 

In response to that exchange, John 
Taylor of Fort Worth, Texas, wrote that 
I had spoken too soon. Taylor com¬ 
plained that I was announcing results 
of benchmarks that we had not yet run. 
In fact, we had run the benchmarks on 
the optimized versions of the code 
generated by C compilers; Mr. Taylor 
was correct, however, in claiming I had 
spoken too soon, as evidenced by this 
month s follow-up article, “Highly Pol¬ 
ished C Code” (p. 76), by Philip N. Hisley. 

Hisley examines the code gener¬ 
ated by nine optimizing C compilers. 

He explains various optimization tech¬ 
niques of C compilers and publishes 
test source code he developed to exer¬ 
cise a compiler’s ability to generate 
optimal code. 

He also re-ran our performance 
benchmarks, with some amazing re¬ 
sults. Newcomer watcom C 6.0 has 
taken over the coveted position of best 
optimizing compiler. In case you are 
wondering if you missed versions 1.0 
through 5.0, don’t fret. They were never 
sold. By numbering its first C compiler 
as version 6.0, watcom intends to estab¬ 
lish its position as a worthy contender, 
deserving of its place among its mature 
competitors (see this month’s Product 
Watch about watcom C on page 139). 

AN HONOR 

PC Tech Journal is honored that its 
peers have found it also deserving of 
its place. The Computer Press Associa¬ 
tion has named it one of the top three 
computer magazines for 1987. This 
honor, combined with our being 
named best computer magazine of 
1985, means that we have been cited in 
this prestigious category^ for two of the 
Computer Press Association’s three 
years of existence. 

As much as it thrills us to be rec¬ 
ognized by our peers in the magazine 
field, it is our peers in the computer 
field—you—whom we aim to please. 
We want to know what you like or dis¬ 
like about the magazine, what subjects 
you would like us to cover, and what 
types of articles you would like to see 
in the future. 

You can send your comments to: 
The Editor, PC Tech Journal, Suite 800, 
10480 Little Patuxent Parkway, Colum¬ 
bia, MD 21044. Or, you can send it 
over MCI Mail to PCTECH. I 
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programs 
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programs 
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Shipping 
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CPU & Disk 
Recovery 




THi LAST DBMS 

ONLY $199 
CAU l-SOO-ORACLEl 


O racle Corporation, the world’s 
fastest growing software 
company,^ has just climbed past 
Ashton-Tate to become the world’s 
largest supplier of database man¬ 
agement software and services.^ 

Why? 

• Because ORACLE® runs on PCs, 
plus mainframes and minicom¬ 
puters from IBM, DEC, DG, HP, 
Prime, Wang, Apollo, Sun, etc. — 
virtually every computer you have 
now or ever will have. Ashton-Tate’s 
dBASE runs only on PCs. 

• Because ORACLE is a true dis¬ 
tributed DBMS that connects all 
your computers —PCs, minicom¬ 
puters and mainframes —into a 
single, unified computing and infor¬ 
mation resource. dBASE supports 
only primitive PC networking. 

• Because Oracle has supported 
the industry standard SQL language 
since 1979. Ashton-Tate promises 
to put ^L into dBASE sometime 
in the indefinite future. 

• Because ORACLE takes advan¬ 
tage of modern 286/386 PCs by 
letting you build larger-than-640K 
PC applications on MS/DOS that run 
unchanged on OS/2. dBASE treats 
today’s 286/386 PCs and PS/2s like 
the now obsolete, original PC. 

Don’t go down in flames. Bail out 
from dBASE. Call 1-800-ORACLE1 
and order your $199-PC copy of 
ORACLE^ today. Or just ask and we’ll 
send you information on ORACLE, 
the number one selling DBMS on 
minicomputers and mainframes. 

ORACLe' 

COMPATIBILITY • PORTABILITY • CONNECTABILITY 

Call 1-800-ORACLE1, 
ext. 148 today. 

Dear Oracle, 

PC ORDER PROCESSING 

Oracle Corporation 

20 Davis Drive • Belmont, CA 94002 

1 want ORACLE to be THE LAST DBMS 
for my 286/386 PC. Enclosed is my 
□ Check or □ VISA □ MC □ AMEX 
credit card authorization for $199 
(California residents add 7% sales tax). 

I understand this copy is for PC develop¬ 
ment only. Offer valid only in the US 
and Canada. 


Company 


Street (P.O. Box numbers not acceptable) 


Credit Card Number 


Card Expiration Date 


PCTECHJOURNAL 


■ Signature 

I I am a value-added reseller (VAR): □ YES □ NO 














































Here's a radical idea: give people who work together the means to easily 
share information among PCs—but don't force them to become computer experts 
to do it. 

Here's another one. Make this network so simple to install that you can set 
up the whole thing in oh, say, a half hour or so. 

Presenting TOPS® 



MORE NETWORK. 
LESS NET WORK 


With theTOPS Network, you and your co-workers can access files from each 
other's computers exactly as if they were sitting on your own PC or hard disk. 
And even print out those files (with ourTOPS NetPrinf” software) directly to any 
PostScript® printer, such as Apple's LaserWriter.'" All through easy-to-use menu 
commands. 

The result is the very comforting—and productive—feeling of being able 
to concentrate on the work at hand, instead of on having to learn the network. 

On a TOPS Network, every computer can share files directly with any other, 
thereby sharing the load of the entire network.The result is that you don't have to 
purchase an expensive central file server. Or shut down the network when you 
want to add a new computer. Or hire an extra person to manage the whole affair. 

And setting upTOPS is just as straightforward.You can install the necessary 
network card—such as ourTOPS FlashCard'"—in no more than twenty minutes. 
Loading theTOPS software? We've unofficially clocked it under five minutes. 

As if all that weren't enough,TOPS runs over common twisted-pair cabling, 
such as regular phone wire. And at only $189 for the software, and $239 for 
each TOPS FlashCard,TOPS is the least expensive way to get your workgroup 
working together. 

Of course with TOPS, PC-to-PC communication is just the beginning. Because 
without sacrificing simplicity, we also offer products that let you share informa¬ 
tion just as easily vyith other networks and systems, including Macintoshes'" and 
Sun® workstations. 

Want more information? Give us a call at 800-445-TOPS (from outside the 
U.S. and Canada, call 415-769-8700). Or write 
to us at TOPS, 950 Marina Village Parkway, 

Alameda, California 94501. 

After that, it gets easier. A Sun Microsystems Company 

TOPS, Sun, and the Sun logo ore registered trademarks of Sun Microsystems, Inc.TOPS FlashCard and TOPS NetPrint are trademarks of Sun Microsystems, 
Inc. Pbst Script is a registered trademark of Adobe Systems Incorporated. Macintosh ond LaserWriter are trademarks of Apple Computer, Inc. 

Prices shown ore suggested retoil prices ond are subject to change without notice. 




With TOPS, it's easy to share information among PCs—and other systems, too. 
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helps save time, money, and cut frustrations. Compare, evaluate, and find products. 


Keeping Professional Programmers 
Current with Developer’s Technology.” 


Programmer's Update lives up to its motto with a view¬ 
point unique to this industry. We use our experience and 
contacts to bring you articles about intriguing software 
trends and technical issues, interviews with authors and 
innovators, news about products, surveys, insightful com¬ 
mentary and predictions, valuable resource listings. You 
can get a FREE sample copy today by calling our toll- 
free number. A personal subscription Is just $25 a year. 
Mention “PT688”. 


Our Services: 

• International Sales Desk • Dealers Inquiry 

• Compare Products • Newsletter 

• Help find a Publisher • Rush Order 

• Evaluation Literature FREE • Over 700 products 

• Programmer’s Update • National Accounts Center 


C Language-Compilers 1 

AZTEC C86 - Commercial 

PC 

$499 

C86 PLUS - by Cl 

MS 

$359 

High C Optimizing Compiler 

PC 

Call 

Instant-C/16M 

PC 

Call 

Lattice C - from Lattice 

MS 

$259 

Microsoft C 5.1 - Codeview 

MS 

$289 

Microsoft Quick C 

MS 

$ 69 

NDP C-386 by MicroWay 

MS 

$529 

Turbo C by Borland 

PC 

S 67 


386 PROGRAMMERS: 

Special Prices on Solid Tools 

NDP C-386 by Micro Way 

NDP FORTRAN 386 From Micro Way, globally optimizing cornpilers 
syntactically and operationally compatible to Berkeley 4.2 Unix F77, 

PCC, with MSDOS extensions for easy porting. 

FoxBASF PLUS/386 Solid Dbase environment from Fox Software. 

VM 386 Multitasker Run unlimited tasks in virtual 8086 mode, by 
ICC. 

Order before June 30, 1988 and mention “PT688” for these special prices above. 


List 

Normal 

SPECIAL 

$595 

$529 

$489 

$595 

$529 

$489 

$595 

$479 

$369 

$245 

$229 

$199 


RECENT DISCOVERY 


Walcom C6.0 — optimizing ANSI 
compiler, editor, linker, object librarian, 
MAKE, disassembler, source debugger, 
Express C integrated environment. 
Reentrant code. MS runtime calling 
conventions. 5 models. MS $229 


DataBase & File Management 


PC $ 779 
List $ 695 
PC $ 329 
PC $ 595 
PC $1049 
PC S 169 
PC $ 499 


C Language-Interpreters 


C-terp by Gimpel - full K & R MS $219 
C Trainer - by Catalytix PC $ 89 

Interactive C by IMPACC Assoc. PC $189 

Run/C Professional MS $145 

Run/C Lite MS $ 79 

Turbo C-terp PC $119 


C Libraries-Files 


BTree - Source, no royalties MS $ 69 
CBTREE - Source, no royalties MS $109 
ctree by Faircom - no royalties MS $309 
rtree - report generation PC $239 

dB2C Files V2.0 MS $249 

dbVlSTA - Source MS Call 


C Libraries-General 


Blackstar C Function Library PC $ 99 

C Tools Plus - V5.0 PC $ 99 

C Utilities by Essential PC $119 

Greenleaf C Sampler PC $ 69 

Greenleaf Functions PC $129 

LIGHT TOOLS by Blaise PC $ 69 

Turbo C Tools by Blaise PC $ 99 


C-Screens, Windows, Graphics 


C Display Manager PC $109 

C Worthy Interface Library PC $249 

dBASE Graphics for C PC $ 69 

ESSENTIAL GRAPHICS - fast PC $185 

Graphic - new color version PC $279 

Greenleaf Data Windows PC $155 

w/source PC $259 

QuickWindow/C PC $ 75 

Terminal Mapping System PC $279 

TurboWINDOW/C-for Turbo C PC $ 75 

View Manager by Blaise PC $199 

Vitamin C - screen I/O PC $159 

VC Screen PC $ 79 

Windows for C - fast PC Call 

Windows for Data - validation PC Call 
ZView - screen generator MS $139 

Note: All prices subject to change without notice. Mention this ad. Some 
prices are specials. Ask about COD and POs. Formats: 3” laptop now 
available, plus 200 others. UPS surface shipping add $3/item. 


Advanced Revelation 
Clarion DBMS PC, 

CQL - Query System - source 
Dataplex by Data Access 
Dataplex multiuser 
Magic PC 

Paradox V2.0 List: $725 


DBASE Language 


Clipper compiler PC $ 399 

dBASE III Plus PC $ 399 

dBASE 111 LANPack PC $ 649 

DBXL Interpreter PC $ 99 

FoxBASEH- - V2.0 MS $ 259 

Quicksilver Diamond PC $ 369 


DBASE Support 


dAnalyst PC $ 219 

dBASE Tools for C PC $ 65 

dBRIEF with BRIEF PC Call 

dBC III by Lattice MS $ 169 

dBug III MS $ 179 

Documentor - dFlow superset MS $ 229 
FORCE III - Dbase compiler PC $ 109 
Genifer by Bytel-code generator MS $ 249 
Networker Plus MS $ 229 

QuickCode III Plus MS $ 189 

R&R Report Writer MS $ 139 

Seek-It - Query-by-example PC $ 79 

Silver Comm Library MS $ 139 

Tom Rettig’s Library PS $ 79 

UI Programmer-user interfaces PC $ 249 


Editors for Programming 


BRIEF Programmer’s Editor PC Call 

de - EMACS-style PC $ 65 

Epsilon - like EMACS PC $ 149 

ME Macro Editor - Source PC $ 159 

Personal REXX - VI.6 PCS 99 

SPF/PC - Version 2.0 PC $ 179 

Vedit PLUS MS $ 129 


Call for a catalog, literature, and solid value 

800-421-8006 


Tin: PIUHnMMMEIl s suov 

Your complete source for software, services and answers 


5-P Pond Park Road, Hingham, MA 02043 
Mass: 800442-8070 or 617-740-2510 4/88 


RECENT DISCOVERY 


OS/2 Programmer’s Toolkit by Microsoft. 
Programmer’s Reference, Learning 
Guide, on-line help, OS/2 utilities. Two 
hours modem support. OS/2 $279 


Fortran & Supporting 


50 More: FORTRAN PC $ 95 

I/O Pro - includes No Limit PC $229 
MS Fortran - 4.0, full ’77 MS $289 
NDP Fortran-386 by MicroWay MS $529 
PC-Fortran Tools-xref, pprint PC $165 
RM/Fortran MS $399 

Scientific Subroutines - Matrix MS $129 


Other Products 


ASMLIB - 170+ routines 
Back-It by Gazelle 
Baler 

CO/SESSION - remote access 

Dan Bricklin’s Demo II 

Disk Technician-smart upkeep 

Fast Back Plus 

Flash-Up 

Easy Flow V5.0 

Link & Locate - Intel tools 

Mace Utilities 

MKS Trilogy 

PC-Metric - analyze complexity 
PC/Tools Deluxe-by Custom 
Plink 86 PLUS - overlays 
PVeS Corporate - by Polytron 
PVeS Personal - by Polytron 
Sapiens Make 
Seidl Version Manager 
Source Print - V3.0 
Tree Diagrammer 
Visible Computer: 8088 
WKS Library by Tenon 


Translator 


dB2C Toolkit 

FOR_^C by Cobalt Blue 

Promula.Fortran 66 to C obj. 
SofTRAN - Translation Lang. 
TP2C - by BISS 
Turbo-to-C-Tools by TGL 


Xenix/Unix 


Cobol - by Microsoft 
Fortran or Pascal-by Microsoft 
FoxBASE + 

RM/Cobol 

Xenix Complete System 286 


FEATURE 


FoxBASE 386 by Fox Software. 
Single-user development package. 
Interactive dot-prompt mode, FOXBIND 
utility, on-line help, full manual, 
pseudo-compiler. Address up to 
16MRAM. PC $519 


PC $125 
MS $119 
PC $459 
PC $229 
PC $169 
PC $ 89 
PC $149 
PC $ 69 
PC $125 
MS $309 
MS $ 85 
MS $ 99 
MS $ 89 
PC $ 69 
MS $275 
PC $339 
PC $135 
MS $155 
MS $269 
PC $ 75 
PC $ 65 
PC $ 65 
PC $ 79 


MS $249 
MS $659 
MS $429 
PC $349 
PC $199 
PC $479 


$639 

$429 

$649 

$959 

$979 
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Memory in 
the Hat Seat 


~~ )p w r 



TOO MUCH STATIC 

Our compliments on the comprehen¬ 
sive article about memory configura¬ 
tions to support faster microprocessors 
(“Memory in the Hot Seat,” Steven 
Armbrust and Ted Forgeron, February 
1988, p. 84). However, we take issue 
with two points in the article: first, that 
dynamic RAM (DRAM) chips that are 
faster than 80 nanoseconds, or that can 
support zero-wait-state at 16 MHz or 
faster, are not “readily available;” sec¬ 
ond, that page mode and static-column 
mode are equivalent. 

NMB Semiconductor Corporation 
has produced quantities of 60-, 70-, 
and 80-ns DRAM devices since early 
1986. For the AAA280X-06, cycle time is 
121 ns, supporting the 125-ns require¬ 
ment cited by the authors. In fact, NMB 
does not sell DRAM devices with access 
times slower than 80 ns. 

The confusing references to page 
mode and static-column mode seem to 
be because complementary metal-oxide 
semiconductor (CMOS) DRAM devices 
use static logic mechanization in col¬ 
umn decoding. To our knowledge, all 
modern DRAM devices—N-channel 
MOS and CMOS—offer page-mode 
operation. CMOS DRAM goes further 
with static logic to produce enhanced 
page mode or Intel’s ripple mode. 
Static-column mode refers to an asyn¬ 
chronous column addressing mode in 
which the column-address-strobe clock 
is not required to read multiple loca¬ 
tions in the same page after a single 
row-address-strobe access. 

NMB produces both enhanced 
page mode and static-column mode 
256K-by-l DRAM with CMOS technol- 
og>^ As far as we are concerned, static- 
column mode parts are not “more ex¬ 
pensive and harder to find than ordi¬ 
nary DRAM chips,” at least not at NMB. 

Tom Goodman 

Manager, applications engineering 
NMB Semiconductor Corporation 
Santa Clara, CA 


Thank you for elaborating on the dif¬ 
ferences between page mode and 
static-column mode. In our attempt to 
make the topic of DRAM access modes 
less confusing, we managed to muddy 
the waters a bit by’ lumping these two 
distinct modes into the same category. 
However, in both cases the net result is 
the same. By not needing to vary both 
the row address and column address, 
faster access times are achieved. 

We are glad to see that NMB sup¬ 
plies high-speed DRAMs. Unfortunately, 
it may be a while before the price and 
availability of high-speed parts like these 
make them attractive for use in in¬ 
dustry-standard PCs. 

—Ted Forgeron 

PS/2 LIST OFF 

I am sure you will get a number of 
responses about the prices you quoted 
in the article “PS/2 Turns 1” (Douglas 
Tallman, April 1988, p. 48). I refer to 
yoi>r quoted list price in table 1 (p. 50) 
for an IBM PS/2 Model 80-041 with 
2MB of RAM, two serial ports, and a 
color monitor. According to my copy of 
the IBM price list, the Model 80-041 
system price is $8,465 ($6,995 for the 
base model, $595 for the second mega¬ 
byte of memory, $680 for the 8513 
monitor, and $195 for the dual asyn¬ 
chronous controller). In comparison, 
the Model 80-071 with a 70MB hard 
disk is $1,500 more for the base, but 
the second megabyte of memory is in¬ 
cluded, thus giving $9,270—five dollars 
less than the price you gave for the 
lower capacity Model 80-041. 

Beyond what I suspect was either 
a typographical error or the wrong 
model number, quoting list prices is a 
fundamentally flawed practice—the ac¬ 
tual street price is almost never that 
high, and sometimes dramatically so. 

For example, I checked with a number 
of authorized dealers here in the Los 
Angeles area (none were grey-market 
operations) for prices on the l6-MHz 


386 machines you listed. The prices 
quoted to me were 20 to 30 percent 
less than the list price you gave. 

Clearly, using fictitious list prices is 
highly misleading and grossly misstates 
the cost of an IBM PS/2. In my small 
sampling of dealers, IBM’s pricing is 
certainly competitive—in fact, for the 
configurations you listed, the Model 
80-041 is the lowest of all the l6-MHz 
386 systems compared. In the future, 
you might consider printing a small 
sample of actual prices, rather than 
using numbers that bear absolutely no 
resemblance to reality. 

Robert L. Milton 
Executive vice president 
Product development 

E.R.M.Associates 
Agoura Hills, CA 

The list price given for the Model 80- 
041 was incorrect. According to the 
official IBM price list for PS/2 models 
(which has remained unchanged since 
their introduction on April 2, 1987), 
the price for the system as configured is 
$8,585. Unfortunately, the incorrect 
price slipped through the production 
process undetected. List prices remain, 
however, the most equitable means of 
comparing costs for similar products 
from different manufacturers. Par from 
being fictitious, list prices are supplied 
b}^ the manufacturers themselves. As Mr. 
Milton points out, street prices can vary 
a great deal, and not every’ reader can 
obtain the same price for the same 
machine. Using the list price as a start¬ 
ing point, readers can derive the actual 
price they’ would pay based on their 
particular purchasing arrangements. 

—DWM 

THE OREGON TRIAL 

We feel that Jim Roberts’ characteriza¬ 
tion of Oregon Software’s Pascal-2 as a 
disappointment (“Measuring Numerical 
Accuracy,” January 1988, p. 142) cannot 
be based on the criteria that he used 
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Create Powerful 
Programs with 

Blaise TOOLS 

- ♦ - 

Whether you’re an expert or a novice, you can 
benefit from using special tools to enhance your 
programs, make them reliable, and give them a 
professional look. With windows, menus, pop-up 
memory resident programs, and communications 
support, Blaise Computing offers you a wide 
range of programming tools to let you take full 
advantage of the Microsoft and Borland pro¬ 
gramming environments. All language support 
packages include fully commented source code, 
complete comprehensive manuals and sample 
programs. 

C TOOLS PLUS/5.0 $ 129.00 

Full spectrum of general service utility functions 
including: windows; menus; memory resident 
applications; interrupt service routines; interven¬ 
tion code; and direct video access for fast screen 
handling. Specifically designed for Microsoft C 
5.0 and QuickC. 

Turbo C TOOLS $ 129.00 

Windows and menus; ISRs; intervention code; 
screen handling including EGA 43-line text mode 
support; direct screen access; and memory resi¬ 
dent applications. Carefully crafted specifically 
to complement Turbo C. 

Turbo POWER SCREEN $ 129.00 

NEW! General screen management; paint screens; 
block mode data entry or field-by-field control 
with instant screen access. Now for Turbo Pascal 
4.0, soon for C and BASIC. 

Turbo POWER TOOLS PLUS $ 129.00 

NEW VERSION! Now supports Turbo Pascal 4.0. 
Screen, window, and menu management includ¬ 
ing EGA support; DOS memory control; ISRs; 
scheduled intervention code; and much more. 

Turbo ASYNCH PLUS $ 129.00 

NEW VERSION! Now supports Turbo Pascal 4.0. 
Interrupt driven support for the COM ports. I/O 
buffers up to 64K; XON/XOFF; up to 9600 baud; 
modem and XMODEM control. 

ASYNCH MANAGER $ 175.00 

Full featured interrupt driven support for the 
COM ports. I/O buffers up to 64K; XON/XOFF; 
up to 9600 baud; modem control and XMODEM. 
For Microsoft C, Turbo C or MS Pascal. 

KeyPilot $ 49.95 

“Super-batch” program. Create batch files which 
can invoke programs and provide input to them; 
run any program unattended; create demonstra¬ 
tion programs; analyze keyboard usage. 

PASCAL TOOLS/TOOLS 2 $ 175.00 

Expanded string and screen handling; graphics 
routines; memory management; general program 
control; DOS file support and more. For MS- 
Pascal. 

EXEC $ 95.00 

NEW VERSION! Program chaining executive. 
Chain one program from another in different 
languages; specify common data areas; less than 
2K of overhead. 

RUNOFF $ 49.95 

Text formatter for all programmers. Written in 
Turbo Pascal: flexible printer control; user-defined 
variables; index generation; and a general macro 
facility. 

TO ORDER CALL TOLL FREE 
800-333-8087! 


BLAISE COMPUTING INC. 

2560 Ninth Street, Suite 316 Berkeley, CA 94710 (415) 540-5441 
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in that article. The author’s characteri¬ 
zation was based on two observations: 
first, Pascal-2’s accuraq^ does not rank 
among the top performers, and second, 
Pascal-2’s execution time is similar to 
one-pass compilers. These observations 
are the result of incorrect use of the 
Pascal-2 compiler and inconsistencies 
in the benchmark source program. 

Pascal-2 is a compiler that gives 
the programmer many options. These 
include optional runtime checks on 
array index references, 32-bit or 16-bit 
integers, an optional source-oriented 
postmortem error traceback and many 
others. 

Our standard installation proce¬ 
dure causes the Pascal-2 compiler to 
default to 32-bit integers with full 
error-checking enabled. By doing so, 
the programmer gets as much assist¬ 
ance as possible from the compiler 
when developing code. Of course, 
once the program is debugged and 
working, the programmer will likely 
choose to recompile it without any 
checking whatsoever, to minimize ob¬ 
ject code size and maximize perfor¬ 
mance. The programmer may turn off 
these optional checks and specify 16-bit 
rather than 32-bit integers, either with 
compile-time switches or with DOS 
environment variables. 

Other MS-DOS compilers, if they 
provide any runtime checking at all, 
tend to make the fastest, shortest, 
nonchecking options the defaults. C 
compilers, in particular, rarely provide 
checking as many obvious errors are 
perfectly legal in the C language. This 
is great for benchmark tests, but is it 
really best for the majority of users? 

In examining the various versions 
of the ACCURACY program that we had 
downloaded from PCTECHline, we no¬ 
ticed two inconsistencies. First, the con¬ 
stant ITERTRIG has a value of 5 for 
Turbo Pascal and C, but a value of 10 
for Oregon Software’s Pascal-2. As a 
result, the program compiled with 
Pascal-2 executed twice as many trigo¬ 
nometric iterations. 

Second, the program did not make 
use of Pascal-2’s tangent function. Al¬ 
though standard Pascal does not re¬ 
quire the implementor to supply a tan¬ 
gent function, we do include one in 
our compiler. The Pascal version of the 
ACCURACY program computes the tan¬ 
gent with the expression “sin/cos,” in¬ 
creasing execution time and reducing 
precision (our built-in tangent function 
returns 80 bits of precision, while your 
formula uses an intermediate result 
truncated to 64 bits.) 


A fair comparison would be to use 
sin/cos in all versions of the program, 
or to use the built-in tan function for 
all products that supply it—including 
Pascal-2. Your approach in this article 
penalizes us even though we provide a 
tangent. 

When Pascal-2’s runtime environ¬ 
ment and source code are put on an 
equivalent basis with the other compil¬ 
ers, you will find that Pascal-2 is very 
competitive with the major optimizing 
C compilers, both in accuracy and exe¬ 
cution time. We would appreciate Mr. 
Roberts’s confirmation of these claims 
and publication of corrected results. 

We realize that establishing a 
completely accurate benchmark is very 
difficult to do properly, and we appre¬ 
ciate the fact that Mr. Roberts has made 
a real effort to gather meaningful re¬ 
sults. After all, many PC programmers 
believe that a 10-line sieve benchmark 
reveals all that one needs to know 
about compiler performance. 

Don Baccus 
Principal engineer 
Oregon Software 
Portland, OR 

There was a typographical error in the 
published source code for the Pascal 
vetsion of the ACCURACY prograin: for 
Oregon Pascal-2, the number of itera¬ 
tions for the trigonometric tests was 
incorrectly listed as 10 instead of 5. 
However, the correct value was used in 
the program compiled for the actual 
tests, so the published results are con¬ 
sistent for all compilers. 

I apologize for missing the fact 
that Pascal-2 defaults to long (32-bit) 
integers; this indeed makes it run 
slower than with 16-bit integers (the 
default for all the other compilers 
tested). Rerunning the benchmarks with 
shoH integers reduces the compilation 
time from 88 to 68 seconds, and the 
execution time (for 20 iterations with 
no output) from 37.5 seconds to 24.2. 
These values compare favorably with 
the better C compilers. 

Pascal-2’s FORTRAN-like math li¬ 
brary does provide support for complex 
numbers and, more significant to these 
tests, a tangent function. Even though I 
was aware of the libraiy, I chose not to 
use it, partly to avoid maintaining too 
many versions of the source, and partly 
in an attempt to stay with standard 
Pascal. Upon subsequent reflection, I 
decided that this decision prevented a 
fair determination of the best accuracy^ 
and execution speed of which each 
compiler is capable. 
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WINDOWS FOR DATA® 



I! ))K'i(V 




Invoices: Create fieuiew PrintExit 


CKO'^ 


a/x^ 


WiIlian Jones 
Innovative Software 
351 Bulletin Avenue 
Needhani HA 02194 
(617) 394-5512 


kegs scrollj ENTER selects and ESC exits choice menu 




f you program in C, take a few 
moments to learn how Windows for 
Data can help you build a state-of-the- 
art user interface. 

M Create and manage menus, data-entry forms, context- 
sensitive help, and text displays — all within windows. 

Ef Develop window-based OS/2 programs right now, 
without the headaches of learning OS/2 screen manage¬ 
ment. Run the same source code in PCDOS and OS/2 
protected mode. 

IZf Build a better front end for any DBMS that has a C- 
language interface (most popular ones do). 


FROM END TO BEGINNING 
Windows for Data begins 
where other screen packages end, 
with special features like nested 
pop-up forms and menus, field en¬ 
try from lists of choices scrollable 
regions for the entry of variable 
numbers of line items, and an ex¬ 
clusive built-in debugging system. 

NO WALLS 

If youVe been frustrated by the limitations of other 
screen utilities, don’t be discouraged. \bu won’t run into 
walls with Windows for Data. Our customers repeated¬ 
ly tell us how they’ve used our system in ways we never 
imagined — but which we anticipated by designing Win¬ 
dows for Data for unprecedented adapatability. You will 
be amazed at what you can do with Windows for Data. 




YOU ARE ALWAYS IN CHARGE 

Control functions that you write and attach to fields 
andybr keys can read, compare, validate, and change the 
data values in all fields of the form. Upon entry or exit 
from any field, control functions can call up subsidiary 
forms and menus, change the active field, exit or abort 
the form, perform almost any task you can imagine 



OUR WINDOWS 
WILL OPEN DOORS 

Our windows will open doors to 
new markets for your software 
High-performance, source-code¬ 
compatible versions of Windows 
for Data are now available for 
PCDOS, OS/2, XENIX, 
UNIX, and VMS. PCDOS 
versions are fully compatible with Microsoft Windows. 
No royalties. 


MONEY BACK GUARANTEE 

You owe it to . yourself and your programs to try 
Windows for Data. If not satisfied, you can return it for 
a full refund. 

Prices: PCDOS $295, Source $295. OS/2 $495. 
XENIX $795. UNIX, VMS, please call. 

Call: (802) 848-7731 ext. 21 

Telex: 510-601-4160 VCSOFT FAX 802-848-3502 



Vermont 

Creative 

Software 


21 Elm Ave. 
Richford, 
VT 05476 
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VENIX Shatters 
UNIX® Performance Myths 

MYTH 1: No UNIX* can handle time-critical applications 
FACT: VENKDoes 

VENIX handles time-critical applications which leave weaker UNIX 
Operating Systems crumbling. These are the same applications which 
you confront daily. Graphics generation and database manipulation. 
MRP and OLTP. Simulation and process control. No other implementa¬ 
tion even comes close. VENIX extensions include file write through, 
direct hardware access capabilities, concurrent or asynchronous I/O, 
and preemptive priorities to significantly improve performance and 
productivity. Others claim it, VenturCom guarantees it. 

MYTH 2: XENIX is the UNIX for PCs 
FACT: VENIX is the better choice 

VENIX offers unequalled performance and guaranteed response. 
VENIX operates for weeks without a crash under heavy loads. And, 
VENIX comes with the best support in the industry, VenturCom sup¬ 
port. VENIX is the only System V implementation with real-time exten¬ 
sions which is SVID compliant and SWS certified. VENIX is the only 
real-time implementation of UNIX for Intel® 80286™ and 80386™ 
processors. 

Discover what your customers — and your competition — already 
know. Call and we will give you even more reasons to choose VENIX. 

VENIX, the 386 UNIX of choice 

^mMVenUirCom 

^ EXCELLENCE REALIZED 
215 First Street Cambridge, Massachusetts 02142 (6l7) 661-1230 

VENIX is a trademark of VenturCom. Incorporated Intel is a registered trademark of Intel Corporation 

XENIX is a registered trademark of Microsoft Corporation UNIX is a registered trademark of AT&T 
80286 and 80386 are trademarks of Intel Corporation 
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Indeed, with the inath library, 
Pascal-2's error rating improves from 
0.83 to 0.80. The compilation time in¬ 
creases by a mere 6 percent (to 72 sec¬ 
onds), but the execution time improves 
to 22.7 seconds. These results place 
Pascal-2 in the top three performers in 
terms of both accuracy and speed. 

In my summary evaluation of 
Pascal-2, I indicated that I found it to 
be an attractive product and was dis¬ 
appointed that its performance did not 
live up to its other fine features. With 
these corrections, I am pleased to re¬ 
port that it does. 

—Jim Robet^ 

CONCURRENT UNSUPPORTED 

Recently, I needed a multiuser, multi¬ 
tasking operating system for my ALR 
386 (one great machine). Lo and be¬ 
hold, an article appeared in your maga¬ 
zine (“386 Operating Environments,” 

Ed McNierney, January 1988, p. 60) that 
basically left me with two choices. I 
opted for Digital Research Inc.’s Con¬ 
current DOS 386. I feel that I made the 
wrong choice, for a number of reasons. 
Here are some of them; 

1. Concurrent DOS 386 does not sup¬ 
port graphics or color on remote 
terminals. The terminals must also 
be able to emulate a PC. In no area 
of the documentation does it spell 
out the hardware requirements, nor 
do the sales people deem it neces¬ 
sary to give out this information 
even when directly queried. 

2. The documentation for Concurrent 
DOS 386 states that certain files 
(STARTUPXBAT, for example) are 
copied to the hard disk during in¬ 
stallation. This is incorrect. 

3. Altliough DRI’s documentation in¬ 
cludes an insert on using 35 popular 
DOS application packages, it does 
not explain how to set them up. 

Even some of the more popular ti¬ 
tles, such as Borland’s SideKick, are 
not included. I attempted to set up 
SideKick myself, but it would not 
function. Calls to DRI gave me reas¬ 
surance that it would work, but 
none of the support people I talked 
to could tell me how to go about it. 

4. According to the sales literature, 
RealWorld Corporation’s RealWorld 
Accounting modules have been suc¬ 
cessfully executed on Concurrent 
DOS. I have yet to find a way. Calls 
to DRI assured me that RealWorld 
had tested their product under Con¬ 
current DOS 386. A call to Real- 
World rapidly disputed this state¬ 
ment. However, a later discussion 
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Without the PS/2' Price. 




Now it s easy and inexpensive to up¬ 
grade your PCs, XT®s, AT®s and 386s 
to IBM®’s PS/2 graphics standard—VGA. 
The Tecmar VGA^^ adapter is a half-size 
card offering full IBM VGA compati¬ 
bility and more—More Resolutions, 

More Speed, More Value! 
Uncompromising Com¬ 
patibility. Tecmar s unrelenting 
commitment to compatibility with 
all VGA software—today and 
tomorrow—has made us one of the 
very first manufacturers to offer both 
register-level and BIOS compatibilities 
with IBM’s own VGA chip set. 

The result is proven, tested compatibil¬ 
ity with VGA applications other cards 
fail, including such acid tests as Microsoft® 
Word 4.0, Windows/386 (including 
virtual mode) and the OS/2’'” DOS 
compatibility box—even when running 
Lotus 1-2-3® graphs! Of course, it’s also 
compatible with all previous standards— 


EGA,CGA, MDAand 
Hercules® 

Super-High 
Resolution. 

In addition to 
all the standard 
VGA modes and 
resolutions, in¬ 
cluding 320x200 
in 256 colors, 
Tecmar VGA 
offers a crisp and vibrant 800x600 reso¬ 
lution in 16 colors with drivers included 
for Windows, AutoCAD® Ventura 
Publisher™ PageMaker™ and others. 

And, for spreadsheets and terminal 
emulation, Tecmar’s VGA provides 
132-column text. 

Increased Performance and 
Speed—With Exceptional Value. 

Tecmar’s unique VGA TurboBIOS 
makes screen operations up to 50 


Tecmar VGA is a trademark of Tecmar, Inc.: IBM. XT. AT. PS/2, Microsoft 
Word. OS/2. Windows/386. Lotus 1-2-3. Hercules. AutoCAD. Ventura 
Publisher and PageMaker are trademarks or registered trademarks of their 
respeaive companies. ©Copyright Tecmar. Inc., a subsidiary of Rexon. Inc.. 
1988. All rights reserved. 


percent faster than IBM’s own PS/2 
mother-board-based VGA. You’ll see 
a noticeable, surprising difference even 
in common screen uses like scrolling. 
And all this Tecmar high performance 
is available at a remarkably low price. 


We’re Shipping Now! So, get 

PS/2 graphics today on your PC, XT or 
AT with Tecmar VGA. Call us at (800) 
624-8560 for more information. Or 
write to Tecmar, Inc., 6225 Cochran 
Road, Solon, Ohio 44139-3377. 


©Truevision® Inc. image courtesy of Thievision Inc. VGA conversion by Rix Softworks. 
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revealed that DRI had contracted an 
outside firm to check on compatibil¬ 
ity problems. 

In my opinion, DRI does not sup¬ 
port its product in a professional man¬ 
ner. At the present time, Concurrent 
DOS 386 has serious deficiencies in 
both the documentation and the quality 
of product support provided. Given my 
experience with DRI, ^I believe I pur¬ 
chased the wrong product. 

Rick Boswell 
Boulder Creek, CA 


Point 1 amplifies what was stated in 
the article on page 62: ‘Remote termi¬ 
nals cannot be transparent to user 
applications that run on them: applica¬ 
tions must be aware that they are run¬ 
ning on terminals ajtd use appropriate 
ANSI (or terminal-specific) cursor posi¬ 
tioning and text-output commands. ” 

As indicated in point 2, certain 
files are not copied to the hard disk 
dunng installation of Concurrent DOS 
386, which is in contrast to what is 
stated in the documentation. 


WMte Better 
Tlirbo 4.0 Programs... 

Or Your Money Back 

You’ll write better Turbo Pascal 4.0 programs easier and faster 
using the powerful analytical tools of Tlirbo Analyst 4.0. 

You get • Pascal Formatter • Cross Referencer • Program 
Indexer • Program Lister • Execution Profiler, 
and more. Includes complete source code. 

Turbo Analyst 4.0 is the successor to the 
acclaimed TurboPower Utilities: 

If you own Turbo Pascal you should own the Turbo 
Power Programmers Utilities, that’s all there is to itP 

Bruce Webstei; BYTE Magazine, Feb. 1986 

Turbo Analyst 4.0 is only $75. 



A Library of Essential Routines 

Turbo E*rofessional 4.0 is a library of more than 400 state-of-the-art 
routines optimized for Turbo Pascal 4.0. It includes complete 
.source code, comprehensive documentation, and demo 
programs that are powerful and useful. Includes 
• TSR management • Menu, window, and data 
entry routines • BCD • Large arrays, and more. 

Turbo Professional 4.0 is only $99. 

Call toll-free for credit card orders. 

1-800-538-8157 ext 830 ( 1 - 800 - 672-3470 ext. 830 in ca) 

Satisfaction guaranteed or your money back within 30 days. 



Fast Response Series: 

Turbo Pascal 4.0 is required. 

TU^30 

■ T-DebugPLUS 4.0—Symbolic 
mn-time debugger for TUrbo 4.0, 

Ovmers of TUrboPOwer Utilities w/o 
source may upgrade for $40, w/source. 

'RirboPower Software 

only $45. ($90 with source code) 

■ (Overlay Manager 4.0—Use over¬ 

$25. Include your serial number. For 
other information call 408-438-8608. 

lays and chain in Turbo 4.0, only $45. 

Shipping & taxes prepaid in US. & 

P. O. Box 66747 

Cdl for upgrade information. 

Canada. Elsewhere add $12 per item. 

Scotts Valley, CA 95066-0747 
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With respect to point 3, it is neces¬ 
sary to load the CDOS command inter¬ 
preter in order to use SideKick with 
Concurrent DOS 386. This information 
is contained in the READ.ME file that 
accompanies the product, rather than 
in the guide to running applications. 

Regarding point 4, Digital Re¬ 
search indicates it is currently working 
with RealWorld to ensure that the Real- 
World Accounting modules will execute 
on Concurrent DOS 386. 

-fS 

TAKING AIM AT C 

I would like to thank Will Fastie for his 
straight-shooting editorial, “The Trouble 
with C” (New Directions, February 
1988, p. 27), which took the revolution¬ 
ary stance that C might not be the 
greatest thing since hot soup after all. 
I’m not about to get into a spitting con¬ 
test over which is the best language; I 
can think of dozens of more entertain¬ 
ing ways to waste time. My point is 
merely that there are a number of 
equally good ways to get the job done, 
and they don’t all have to start with C. 
As your survey showed, BASIC also gets 
the job done—so does C, COBOL, 
FORTRAhT, and dBASE. 

Like many others, I was shamed 
into learning C, only to discover that 
many clients prefer that I continue to 
use BASIC. They prefer it for one sim¬ 
ple reason—it’s a lot easier for them to 
maintain. Now, I have nothing at all 
against C—some of my best friends are 
C programmers. But let’s get real. A 
large body of code is already out there 
that works. Who cares whetlier it is 
written in the language-of-the-week or 
not? Certainly not the users. Anyone 
paying for my time as a consultant will 
agree that “if it ain’t broke ...” 

Tom Campbell 
Irvine, CA 


COMMENTS WELCOME 

All letters to the editor should be 
directed to Editor, PC Tech Journal, 
Suite 800, 10480 Little Patuxent Park 
way, Columbia, MD 21044. Corre¬ 
spondence also can be submitted 
over MCI Mail to PCTECH. 

Although PC Tech Journal can¬ 
not publish all letters received, 
every effort is made to answer as 
many as possible. Please keep letters 
brief, and include name, mailing 
address, and telephone number; 
when a letter is lengthy, a diskette 
is appreciated. 1 mimiim 
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Upgrade Your Technology 


We’re Programmer’s Connection, the leading 
independent dealer of quality programmer’s 
development tools for IBM personal com¬ 
puters and compatibles. We can help you 
upgrade your programming technology with 
some of the best software tools available. 
Comprehensive Buyer’s Guide. The CONNECTION, 
our new Buyers Guide, contains prices and up-to-date 
descriptions oi over 700programmer’s development 
tools by over 250 manufacturers. Each description 
covers major product features as well as special re¬ 
quirements, version numbers, diskette sizes, and 
guarantees. 

How to Get Your FREE Copy: 1) Use the reader ser¬ 
vice card provided by this journal; 2) Mail us a card 
or letter with your name and address; or 3) Cali one 
of our convenient toll free telephone numbers. 

If you haven’t yet received your copy of the 
Programmer’s Connection Buyer’s Guide, act 
now. Upgrading your programming technol¬ 
ogy could be one of the wisest and most 
profitable decisions you’ll ever make. 


USA.800-336-1166 


Canada.800-225-1166 

Ohio & Alaska (Collect).216-494-3781 

International.216-494-3781 

TELEX.9102406879 

FAX. 216-494-5260 


Business Hours: 8:30 AM to 8:00 PM EST Monday through Friday 
Prices. Terms and Conditions are subject to change. 
Copyright 1988 Programmer’s Connection Incorporated 



386 products 

386 ASIVl/386 LINK Cross Asm by PharLsp .... 

386 DEBUG Cross Debugger by Phar Lap . 

NDPC-386py/W/crDlVay. 

NDP ForTran-386PyMcrDWay. 

PC-MOS/386 by The Software Link All \^neties. 


List Ours 

495 389 

195 145 

595 529 

595 529 

CALL CALL 


blaise products 


ASYNCH MANAGER Spec/^C or F^sca/. 175 135 

C TOOLS PLUS/5.0. 129 99 

Turbo ASYNCH PLUS/4.0. 129 99 

Turbo C TOOLS. 129 99 

Turbo POWER SCREEN. New 129 99 

Turbo POWER TOOLS PLUS/4.0. 129 99 

VIEW MANAGER Specify C or Pascal . 275 219 


borland products 


Paradox 1.1 by Aosa/fioz/aot/. 495 359 

Paradox 2.0 by Aosa/fior/and. 725 525 

Paradox 386 by Aosa/fiodand. New 895 639 

Paradox Network Pack by Aosa/fiortood. 995 725 

Quattro: The Professional Spreadsheet. 247 179 

Sidekick Plus. New 200 125 

Turbo Basic Compiler. 100 68 

Turbo Basic Support Products All Varieties . 100 68 

Turbo C Compiler. 100 68 

Turbo Pascal Compiler. 100 68 

Turbo Pascal Developer’s Toolkit. 395 285 

Turbo Pascal Support Products All Vaiieties . 100 68 

Turbo Pascal Tutor. 70 49 

Turbo Prolog Compiler. 100 68 

Turbo Prolog Toolbox. 100 68 

Other Borland Products. CALL CALL 


c language 

CBJBEE by Peacock Systems . 159 129 

CQL by Machine Independent Software . 395 349 

EC0-C88 Modeling Compiler by fcosod. 100 69 

Graphic by Sc/enf//7c Endeavors. 395 309 

Lattice C Compiler fmm Lattice . New Version 450 289 

Mark Williams Let’s C with FREE csd . 75 54 

WATCOM C6.0 by Watedoo Computer . New 295 269 

creative programming 

Vitamin C. 225 159 

VC Screen Forms Designer . New Version 150 119 

Reference Database for Norton Guides . New 50 47 


database management 


Advanced Revelation by Revelation Tech . 950 659 

Clipper by/Van/dc/re/. 695 379 

dBASE III Plus byAsWoo-7a/e. 695 389 

dFLOWbyWa//sod. 149 125 

The DocumenterbyWaZ/sod. 295 225 

FoxBASE+byFdxSodwa/e. 395 249 

FoxBASE 4-/386 by Fox So/Zware. 595 399 

Genlierbybytel . 395 249 


MAGIC PC by AKEZ?. 199 179 

Ul Programmer by Wa//sod. 295 249 

1\IA by Zanthe Information . 880 769 

faircom products 

C'tree & r-tree Combo. 650 519 

c-tree ISAM File Manager . 395 315 

T-\iee Report Generator . 295 239 

d-tree. New 695 599 

lahey computer products 

F77L-EM/16. New 695 639 

F77L-F0RTRAN Compiler. New 477 429 

Lahey Personal Fortran 77. New 95 85 

logitech products 

lOGMOUSE All Varieties .. CALL CALL 

LOGrrECH Modula-2 Development System. 249 199 

Modula-2 Compiler Pack. 99 79 

Modula-2 Toolkit. 169 139 

LOGrrECH Modula-2 Window Pkg. 49 39 

metaware products 

HighC. New 595 529 

386 Version .ZVeiv 895 799 

Professional Pascal. New 595 529 

386 Version . New 895 799 

microsoft products 

Microsoft C Compiler w/CodeV/ew. NewVerison 450 299 

Microsoft FORTRAN Optimizing Comp ... New Version 450 299 

Microsoft Macro Assembler. New Version 150 105 

Microsoft QuickBASIC. 99 69 

Microsoft QuickC. 99 69 

Microsoft OS/2 Programmer’s Toolkit. New 350 239 

Microsoft Windows. 99 69 

Microsoft Windows 386. 195 129 

Microsoft Windows Development Kit. 500 329 

Other Microsoft Products. CALL CALL 

mks products 

MKSAWK. 75 69 

MKS RCS Rev Control System . 189 169 

lAKSSQPSSoftQuadPublishingSoftware . New 495 449 

MKS Toolkit tv/Zb/WZ(SW. 169 129 

MKS Trilogy with AWK, CRYPT & Korn Shell . 119 105 

ms y\ Editor . 75 69 

novell products 

Btrieve ISAM Mgr with No Royalties . 245 184 

Xtrieve Query Utility . 245 184 

Report Option ZorXZdeve. 145 99 

Btrieve/N Zor/Ve/wodfs. 595 454 

Xtrieve/N. 595 454 

Report Option/N/or X/deve/ZV. 345 269 

XQL. 795 599 
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ORDERING INFORMATION 

FREE SHIPPING. Orders within the USA (including 
Alaska & Hawaii) are shipped FREE via UPS. Call tor 
express shipping rates. 

NO CREDIT CARD CHARGE. VISA, MasterCard and 
Discover Card are accepted at no extra cost. Your card 
is charged when your order is shipped. Mail orders 
please include expiration date and authorized signa¬ 
ture. 

NO COD OR PO FEE. CODs and Purchase Orders are 
accepted at no extra cost. No personal checks are ac¬ 
cepted on COD orders. POs with net 30-day terms 
(with initial minimum order of $100) are available to 
qualified US accounts only. 

NO SALES TAX. Orders outside of Ohio are not 
charged sales tax. Ohio customers please add 5% Ohio 
tax or provide proof of tax-exemption. 

30-DAY GUARANTEE. Most of our products come 
with a 30-day documentation evaluation period or a 30- 
day return guarantee. Please note that some manufac¬ 
turers restrict us from offering guarantees on their 
products. Call for more information. 

SOUND ADVICE. Our knowledgeable technical staff 
can answer technical questions, assist in comparing 
products and send you detailed product information 
tailored to your needs. 

INTERNATIONAL ORDERS. Shipping charges for In¬ 
ternational and Canadian orders are based on the ship¬ 
ping carrier’s standard rate. Since rates vary between 
carriers, please call or write for the exact cost. Inter¬ 
national orders (except Canada), please include an ad¬ 
ditional $10 for export preparation. All payments must 
be made with US funds drawn on a US bank. Please 
include your telephone number when ordering by mail. 
Due to government regulations, we cannot ship to all 
countries. 

MAIL ORDERS. Please include your telephone num¬ 
ber on all mail orders. Be sure to specify computer, 
operating system, diskette size, and any applicable 
compiler or hardware interface(s). Send mail orders 
to: 

Programmer’s Connection 
Order Processing Department 
7249 Whipple Ave NW 

North Canton, OH 44720 


peter norton products 


Advanced Norton utilities. 150 89 

Norton Commander. 75 55 

Norton Editor. 75 59 

Norton Guides. 100 65 

for OS/2 . New 150 109 

Norton Utilities. 100 59 

program mgmt utilities 

Interactive EASYFLOW byHaventree . 150 125 

Polymke UNIX-like Make Facility . 149 135 

pytSCorporaie Version Control System 395 359 

PVCS Personal. 149 135 

Teamwork/PCSA by Cadre Technologies . 995 929 

TLIB Version Control by Burton Systems .. 100 89 

SCO products 

XENIX System V for ESDI.Z\Zew CALL CALL 

XENIX System V for PS/2. CALL CALL 

XENIX System V 286. 1295 979 

XENIX System V 386. 1595 1179 

other products 

Austec/Ryan-McFarland Products. CALL CALL 

Bne\ by Solution Systems . 195 CALL 

Carbon Copy Plus by Meridian Technology . 195 135 

GCExpress by Meridian Technology . 345 289 

Dan Bricklin’s Demo II by So/Zw^re Garden . 195 179 

db/LIB byAJS Publishing . 139 119 

Uest\\i\ew fmm Quarterdeck . 130 115 

Epsilon Emacs-like editor by Lugam . 195 149 

Eroff by Elan Computer Gmup .ZVeiv 695 629 

GRASP Paul Mace Software . 99 85 

KEDIT by Mansfield Software . 150 129 

Link & Locale by Systems Software . 350 309 

mceU{\\\[\es Paul Mace Software . 99 85 

NROFF/PC by Elan Computer Group . New 99 89 

OPT-Tech Sort by OpZ-7ecbOaZa P/DC. 149 99 

OPTASMbySLPSysZe/ns. 195 179 

Peabody ^ecify Language, by Copia Inti . 100 89 

Pemcope All Varieties . CALL CALL 

Personal REXX by Mansfield Software . 125 99 

SLATE by Symmetry Group . 299 269 

Turbo Analyst 4.0 by TurboPower . 75 69 

Turbo Professional 4.0 by 7/7/bo/Y)wer. 99 89 


CALL for Products Not Listed Here 





















































































































































Buy Our Tools, And 



Introducing Emerald Bay. The 
breakthrough database server 
technology for developing single 
and multi-user applications. 
Emerald Bay provides your pro¬ 
grams a common data storage 
and retrieval method which 
allows data to be transparently 
shared across multiple and 
diverse applications. 

And when you buy one of our 
tools for “C’,’ dBASE™ or Lotus* 
developers, we’ll give you the per¬ 
sonal engine—free. No royalties 
to pay, no licenses to sign. 

Developed by "Wayne Ratliff, 
the creator of dBASE, Emerald 
Bay is much more than just 
another DBMS product, it’s an 
entirely new way to manage data. 
It’s designed to provide an open 
platform for developing applica¬ 
tions in several languages and 
environments, while Emerald 
Bay maintains data security, 
concurrency and integrity. 

How The Engine Works 
Before, data couldn’t be readily 
shared between applications. 
But with Emerald Bay PC appli¬ 
cations each share a common 
data storage and retrieval 


method. And although the func¬ 
tions of the applications may 
vary widely, any one application 
can share another’s data trans¬ 
parently; there is no data conver¬ 
sion or translation necessary. 

When a PC is an intelligent 
workstation on a LAN, the 
Emerald Bay database server 
technology controls all data 



security and integrity including 
transaction logging with roll¬ 
back. An application simply 
makes a request, which is sent 
to the engine. There, only the 
essential data is sent back to the 
workstation. The result is vastly 


reduced network traffic and 
faster data access times. 

How You Work With 
The Ibols 
With the tools we pro¬ 
vide, you can easily develop 
Emer^d Bay applications 
immediately in your femiliar 
development environment. 

Emerald Bay technology 
handles the usually code¬ 
intensive management of data, 
so you can concentrate on 
what you do best—developing 
applications. 

Developers Toolkit for “C” 

includes well-documented, easy 
to use “C” libraries that give you 
the power to create advanced 
applications, without the effort 
usually associated with design¬ 
ing and coding a database 
“backend’.’ 

Eagle is Emerald Ba^s sophis¬ 
ticated dBASE-like program¬ 
ming language. As the logical 
evolution of database language. 
Eagle introduces advanced fea¬ 
tures, routines and language 
components, including a com¬ 
piler, network commands, user- 
defined functions in “C” cuid 
Assembly and automatic index 
maintenance. 

Summit is an “add-in” data¬ 
base management system for 
Lotus 1-2-3, which gives you 
sophisticated data manipulation 
and analysis commands. All 
three of Emerald Bay’s develop¬ 
ment tools come with the Core 
Components which include 
Report Writer, Forms Generator, 


© Migent, Inc., Registered trademarks: dBase (Ashton-Tkte), Lotus and 1-2-3 (Lotus Development Corp.), OS/2 (International Business Machines. Corp.), Macintosh (Apple Computer. Inc.). Unix (AT&T). 
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an Import/Export facility and 
the Database Administrator. 

The Emerald Bay Database 
Server is the heart of the multi¬ 
user Emerald Bay technology. Its 
client/server architecture is 
superior to current implementa¬ 
tions of LAN/DBMS products, 
and increases total system 
throughput, while reducing net¬ 
work traffic and access times. 

Finally, while providing a path 
to other operating systems such 
as OS/2, Macintosh and UNIX, 
Emerald Bay is a microcomputer- 
based technology that optimizes 
yowi current hardware 
investment. There’s no need to 
wait for a new operating system 
or upgrade your PCs. Because 
Emerald Bay makes powerful 
database technology available 
today, running under MSDOS 
within 640k of RAM. 

How To Find Out More 

To get more information about 
Emerald Bay, call The Program¬ 
mer’s Shop toll-free at 1-800- 
421-8006. 

Emerald Bay. Advanced data¬ 
base technology. Available 
today. 


CATABA.SE 

SEfVER 


syw^ - 
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Thidemarks pending: Emerald Bay, Eagle, Summit (Migent, Inc.) 



Emerald Bay Engine Specifications 


Data Storage 

• Max. databases No limit 

• Max. tables per database 1000 

• Max. fields per table 800 

• Max. field width 512 characters 

• Max. records per table No limit 


• Max. width of records 10,000 bytes 
(no hmit on ext. fields) 


Index Storage 

• Composite keys supported 

• Mixed data tj^e keys allowed 

• Keys of up to iOO bytes in length 

• Automatic index maintenance 

• Ascending and descending keys 

• Case independent keys 

• Automatic table indexing on record 

number 


Security And Integrity Features 

• Access permissions by Read, Write, 
Delete, Add and Grant 

• AH fiye access permissions work on 
tables and objects 

• Read, Write and Grant access per¬ 
missions operate at field leyel 

• AH data oUier than binary fields Ccui 
be encrypted 

• Transaction logging, with commit and 
roHback functions 

• FuH security functions at field and 
table leyel 

• Optional data encryption at field level 

S ystem Re q uirements 

• MS-DOS 3.1 or greater 

• Network database server or Single- 
user computer: PC XT AT PS/2 or 386 
compatible, 640K, Hard Disk 

• Workstation on LAN: PC, XT, AT, PS/2 
or 386 compatible, 640K 

• NetBIOS compatible networks 
supported 


DEVELOPERS 

TDOLKfT 



Emerald 

Bay 


ylilGENT 


865 Thhoe Blvd., Call Box 6, Inchne Village, NV 89450 
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n'S TIME TO DO SOME 
SERIOUS 386 BUGBUSTING! 



PROBERS menu 
bar and pull¬ 
down menus set a 
new standard for 
debugger 
interfaces. 


PROBE has 
source-level 
debugging to let 
you “C” your 
program. 


POP registers up 
and down with a 
single key. 


This is an 
out-of-range 
memory-overwrite 
hug. Since it is 
interrupt relatedj 
it only appears in 
real time. 


W elcome to your nightmare. Your company has bet 
the farm on your product. Your demonstration 
wowed the operating committee, and beta ship¬ 
ments were out on time. Then wham! 

All your beta customers seemed to call on the same day. 
“Your software is doing some really bizarre things’,’they say. 
Your credibility is at stake. Your profits are at stake. Your 
sanity is at stake. 

THIS BUG’S FOR YOU 

You rack your brain, trying to figure something out. Is it a 
random memory overwrite? Or worse, an overwrite to a stack- 
based local variable? Is it sequence dependent? Or worse, 
randomly caused by interrupts? Overwritten code? Undocu¬ 
mented “features” in the software you’re linking to? And to 
top it off, your program is too big. The software debugger, 
your program and it’s symbol table can’t fit into memory at 
the same time. Opening a bicycle shop suddenly isn’t such a 
bad idea. 

THIS DEBUGGER’S FOR YOU 

Announcing the 386 PROBE^" Bugbuster,*from Atron. Nine 
of the top-ten software developers sleep better at night 
because of Atron hardware-assisted debuggers. Because they 
can set real-time breakpoints which instantly detect memory 
reads and writes. 

Now, with the 386 PROBE, you have the capability to set a 
qualified breakpoint, so the breakpoint triggers only if the 
events are coming from the wrong procedures. So you don’t 
have to be halted by breakpoints from legitimate areas. You 
can even detect obscure, sequence-dependent problems by 
stopping a breakpoint only after a specific chain of events has 
occurred in a specific order. 


Then, so you can look at the cause of the problem, the 386 
PROBE automatically stores the last 2K cycles of program 
execution. Although other debuggers may try to do the same 
thing, Atron is the only company in the world to dequeue the 
pipelined trace data so you can easily understand it. 

Finally, 386 PROBE’s megabyte of hidden, write-protected 
memory stores your symbol table and debugger. So your bug 
can’t roach the debugger. And so you have room enough to 
debug a really big program. 



COULD A GOOD NIGHT’S SLEEP 
PUT YOU IN THE TOP TEN? 

Look at it this way. Nine of the top-ten software products in 
any given category were created by Atron customers. Maybe 
their edge is - a good night’s sleep. 

Call and get your free, 56-page bugbusting bible today. 
And if you’re in the middl^ of a nightmare right now, 

give us a purchase order 
number. We’ll FEDEX 
you a sweet dream. 



BUGBUSTERS 


♦Versions for COMPAQ. PS/2-80s and compatibles. Copyright 


A division of Northwest Instrument Systems, Inc. 
Saratoga Office Center • 12950 Saratoea Avenue 
Saratoga, CA 95070 • Call 408/253-5933 today. 

1987 by Atron. 386 PROBE is a trademark of Atron. Call 44-2-855-888 in the UK and 49-8-985-8020 in West Germany. TRBA 
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New Directions 

Year of the User Inteifece 

The update to Microsoft’s OS/2 toolkit gives the first real look at 
Presentation Manager. □ Also, the Apple suit and dBASE N. 



I f you are an OS/2 developer, your 
biggest headache so far has been 
that tlie Software Development 
Toolkit has included no support for 
the Presentation Manager. That has 
changed; the most current update to 
Microsoft’s OS/2 toolkit finally contains 
not only the specifications but also, 
surprise of surprises, some actual code. 

To say that the anticipation for the 
Presentation Manager has been high is 
to grossly understate the case. Almost 
every software vendor to whom PC 
Tech Journal speaks says their OS/2 
development targets the Presentation 
Manager; some vendors, such as Word¬ 
Perfect Corporation, have dropped 
plans to develop a version for OS/2 1.0 
and instead opted for the graphics user 
interface. That makes this release of the 
toolkit not only eagerly awaited, but 
incredibly important. {PC Tech Journal 
previewed the Presentation Manager in 
its March 1988 cover suite.) 

The Presentation Manager included 
in OS/2 1.1 will likely be essentially the 
same as described by the specification 
in the toolkit. That’s a real shame, be¬ 
cause the user interface is less than 
expected. To my mind, Microsoft’s big 
customer, IBM, is missing the boat. 

That comment deserves some ex¬ 
planation. How do I know that IBM, 
not Microsoft, is to blame? The truth is 
1 cannot know for sure, and the two 
vendors are not talking. However, con¬ 
sider the following points: Microsoft 
has been steeped in the Macintosh 
environment for some time and is a 
major supplier of Mac applications; 
through Windows, Microsoft is a lead¬ 
ing advocate of the graphics user inter¬ 
face for the PC; Microsoft expects to 
leverage its experience into Presenta¬ 
tion Manager-based versions of its pop¬ 
ular applications. Therefore, Microsoft 
would hardly design an interface with 
the flaws present in the Presentation 
Manager. That influence must have 
come from IBM. 


Part of the problem is no doubt 
the Systems Application Architecture 
(SAA), particularly the Common User 
Access (CUA) portion, which specifies 
how applications will look no matter 
which host, PC, or terminal is in use. 

To be sure, IBM is in a difficult posi¬ 
tion. It has to protect the investment of 
its customers who purchase and use 
terminals as opposed to PCs, and SAA 
is the means to that end. 

This means IBM must design the 
CUA to fit the lowest common denomi¬ 
nator, the terminal. And that, in turn, 
means decisions about how the graph¬ 
ics user interface looks and works can¬ 
not be based solely on the capabilities 
of the desktop computer. 

This approach has two big flaws. 
First, IBM itself has sold more PCs than 
terminals by a factor of about five to 
one, and the gap will only widen. By 
implication, the desktop computer 
should get the lion’s share of benefit 
from the SAA design process and not 
be constrained by the limitations of ter¬ 
minals or past interactive methodolo¬ 
gies. Second, if IBM fails to mount an 
aggressive graphics user environment, 
Apple will continue its penetration into 
IBM’s native territory, corporate Amer¬ 
ica (that is, if it doesn’t impede its own 
progress with lawsuits—see below). 


A FIRST SCREENING 

Notwithstanding its problems, the Pre¬ 
sentation Manager’s user interface is 
much improved over Windows. Let’s 
take a first, quick look. 

Although the toolkit is not guaran¬ 
teed to represent the final product, we 
can assume that OS/2 1.1 will include 
the following components that make 
up what the Microsoft documentation 
refers to as the “User Interface Shell”: 
STARTUP, a TopView-like facility that 
provides a mechanism to get other 
programs running (similar to the pull¬ 
down menu that appears when the 
Mac’s Apple icon is clicked); Task Man¬ 
ager, a tool that allows switching be¬ 
tween applications; File Cabinet, the 
Windows equivalent of the MS-DOS 
Executive; and an icon that allows die 
user to switch quickly to the applica¬ 
tion in the DOS compatibility box. Se¬ 
rial devices, such as printers, are con¬ 
trolled with the Spool Queue Manager. 
STARTUP. Microsoft built a prototype 
starter program for Windows that was 
never released. The facility is a much 
needed one, so STARTUP, which is 
more sophisticated than the prototype, 
is a welcome addition; however, it is 
still a far cry from hDC’s delightful 
ClickStart program for Windows (see 
New Directions, March 1988, p. 35). 
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Suddenly, Magic PC 
Makes Your DBMS Obsolete'^' 




With a powerful set of hi^level nonprocedural operations you 
program at onfy a fraction of the time 

• Maximum Power AND Simplicity: 

With Magic PC, you can generate robust DBMS applications includ¬ 
ing screens, windows, menus, reports, forms, impori/export, and much 
more! Plus, Magic PC has one of the friendliest user interfaces you’ve 
ever seen. Using Magic PC you can look-up and transfer data through 
a powerful Zoom Window system. Magic PC even lets you perform 
command-free queries. 

• Btrieve Performance: 

Magic PC incorporates Btrieve, the high-performance file manager 
from SoftCraft. 'Hiis gives you exceptional access speed, extended data 
dictionary capabilities, and automatic file recovery! 

• Virtually Maintenance-Free: 

With Magic PC you can modify your application design “on the fly” 
without any manud maintenance. Magic PC automatically updates 
your programs and data files on-line! TTiis also makes Magic PC an 
ideal tool for prototyping complete applications in hours instead of days. 

• FREE Networking: 

Magic PC comes complete with UN features. Develop multi- user 
applications for your LAN with Magic’s file and record-locking 
security levels. 

• Stand-Along Runtime: 

Distribute your applications and protect your design with Magic PC’f 
low cost runtime engine. 

• All For Only $199: 

Best of all. Magic PC is an unbeatable bargain. For a limited 
time. Magic PC’s price has been reduced to onfy $199! Yes, this is 
the same Magic PC that normally lists for $695! And Magic PC 
eliminates the need for a separate DBMS, compiler, or applica¬ 
tion generator. It comes complete with all the tools you need 
to develop your own database applications instantly. 


Company 


Phone 


Street Address (no FOB) 
aty _ 


State 


□ Check enclosed Charge to my: □ 


Account Na 


AocL Name 


Signature 


Aker Corp., 18007 Skypark Or B2. Iivine, CA 92714 


Return to: 


S>sttmrequiren«nts:IBMPQCT,AT,py2«100%coi^^ RAM. hard disk and DOS 

10 or later. 5W’fixmat, not copy protected Dealer prWng available. ‘Rewrnixjlicy^^ 

Aker, Magic PC, The Visual Database Langiage are trademaiks of Aker Corporatiaa All other 
trademarks acknowledged e Copyright 1987. Aker Coip. 


Yes! I want 
to generate powerful 
applications mudi fosterl 
□ Rush me iny copy Magic PC at the ^lecial promotkxial price 
of $199 (add $10 PScH, and tax in CA. Intmatioi^ orders add 
$30). I understand I can return Magic PC for a refund within 30 
days, if I’m not completely satisfied* 

Rush me a of Magic PC Tlitorial Demo at $19-95 (add $5 
P&H, and tax in CA. International orders add $15). 


• $199 — With A Money-Back Guarantee! 

For a limited time, you can get Magic PC for only SI 99 . 

And even at this low price. Magic PC is risk-free. If you’re not 
completely satisfied, simply return it within 30 days and we’ll 
buy it back (less SI 9.95 restocking fee). And if you’d like a 
preview. Magic PC’s Tutorial Demo is available for just SI 9 . 95 . 

But you’d better hurry — Magic PC’s special $1^ price 
won’t last long! 

• Join The Magic PC Revolution 

To unleash your DBMS design power, order your $199 copy of 
Magic PC right now by calling toll-fiee or returning the coupon below. 


ORDER NOW: CALL 
(800) 345-M4G1C 

In CA (714) 250-1718 


iVlAGIC PC 

The|/^lilkl/Database Language 


Y oa know how database applications are created — by backing out 
line after line of time-consaming code. Most DBMS* and 4(H.*s give 
you some programming power. But ^en it comes to serious supplica¬ 
tions, they keep yon bolt^ to your seat writing mountains of t^ous 
code. And rewi^g it all over again with every design change. 

Imagine how much faster yoo*d be if you could replace the painful 
coding phase with an innov^ive visual technology i^ch takes only a 
fraction of the time: Introducing Magic PC—the revolutionary Visual 
Database Language from Aker Coipmation: 

• High-Speed Programming: 

With Magic PC’s visual design language you quickly describe your 
prx^rams in non-procedural Execution Tables. They ctmtain compact 
programming operations which are executed by Magic PC’s runtime 
engine. You fill-in the tables using a visual interface driven by windows 
and point-and-shoot menus. One table with 50 operations eliminates 
writing more than 500 traditional lines of code. Yet with Magic PC you 
don’t sacrifice any power or flexibility. 


‘ 'Magic PC's data base engine delivers powerful 
applications in a fraction of the time ,.. there is 
truly no competitive product! * 

Victor Wright — PC Tech Journal 




i> Wl i 


Pop-Up Zoom Windows run multiple programs per screen — with 
point-and-shoot data transfer between windows! 





















































































NEW DIRECTIONS 


STARTUP comes already configured 
for the basic components of tlie Pre¬ 
sentation Manager. The user must add 
other applications and programs. En¬ 
tries are easily added to a single, non- 
hierarchical list of programs. If the list 
is too long, it can be broken into 
groups; the user can switch between 
groups to locate the desired program. 
Task Manager. When invoked, the Task 
Manager presents a list of the currently 
active applications. The user clicks on 
the desired entry in the list to switch 
control to that task. 

Because it must be accessible to 
OS/2 applications that are not Presenta¬ 
tion Manager-based, the Task Manager 
cannot rely on the presence of an icon 
on the work surface (because the work 
surface may not be there) and there¬ 
fore cannot use clicking on the icon as 
a method of activation. Instead, a hot¬ 
key combination activates the Task 
Manager’s window. This is a bit strange. 
Although the Task Manager looks just 
like an ordinary Presentation Manager 
application, it does not have an icon, 
even when the work surface is visible. 
The rationale is that the Task Manager 
thus has only one consistent method of 
invocation. Unfortunately, that method 
is inconsistent with the way Presenta¬ 
tion Manager applications are activated 
when the work surface is visible (by 
double-clicking on the icon). 

File Cabinet. The File Cabinet and 
STARTUP are the two pieces of the Pre¬ 


sentation Manager that most users will 
deal with most of the time. The File 
Cabinet allows the user to perform file 
management activities, such as starting 
programs or copying, moving, or delet¬ 
ing files. In Microsoft Windows, each of 
these activities involves working with a 
dialog box and, in some cases, entering 
information via the keyboard. The File 
Cabinet’s major improvement over Win¬ 
dows’ MS-DOS Executive is direct ma¬ 
nipulation. 

Direct manipulation refers to the 
use of the mouse to point at objects in 
the File Cabinet window and the ability 
to perform an action on those objects 
without being involved in a dialog, es¬ 
pecially if that dialog means using the 
keyboard. The simplest example is 
copying a file by clicking on that file 
and dragging it to a new location. 

The only direct manipulation al¬ 
lowed in Windows is clicking on a pro¬ 
gram (or one of its data files) to in¬ 
voke the program. The Presentation 
Manager goes further, providing ways 
to perform most filing functions with 
the mouse, sometimes in conjunction 
with the Shift, Ctrl, or Alt keys. Most of 
die manipulations are easy to under¬ 
stand and use; a few others are myste¬ 
rious and not entirely intuitive—for 
example, marking several files to be in¬ 
cluded in a single operation. 

This direct manipulation still does 
not go far enough. Experimenting with 
the copy feature, I quickly learned that 


PC Tech Joumals 
second annual 
Systems Forum is 
just weeks away: 
June 13-15 at the 
Westin St. Francis 
in San Francisco. 

The lineup is impressive. The 
keynote address, “Computing into 
the 1990s (and how to get there 
from here),” will be given by Dr. 
James Nestor, senior manager in 
charge of microcomputer research 
and development for Ernst & Whin- 
ney. He was a popular speaker at 
last year’s Forum in San Diego. We 
are also happy to have obtained the 
services of Steve Ballmer, vice presi¬ 
dent of systems software for Micro¬ 
soft, who will deliver the Tuesday 
luncheon speech, “Why the Graphi¬ 
cal Interface?” 

Panelists have been recruited 
from a wide variety of vendor and 
end-user companies. Vendor partici¬ 


pants include Bob Metcalfe, 3Com; 
Harry Saal, Network General; Bob 
Epstein, Sybase Inc.; Umang Gupta, 
Gupta Technologies; Pete Peterson, 
WordPerfect Corporation; Roy Folk, 
Ashton-Tate; Scott Tucker, Lotus; 

Greg Papadopoulos, A.I. Architects; 
Jim Johnson, Intel PCEO; Gary 
Stimac, Compaq Computer; and 
Mike Maples, IBM. 

End-user representatives in¬ 
clude Danielle Barr, Bank of Boston; 
Dan Delph, American Airlines; Peter 
C. Coffee, The Aerospace Corpora¬ 
tion; Dennis Quinn, The Phoenix 
Group; Thomas F. O’Leaiy, North 
American Philips; and Cheryl Currid, 
Coca Cola. 

I am really looking forward to 
this second Systems Forum. For 
more information, call 800/544-PCTJ. 

1 hope you can join us in San Fran¬ 
cisco for what I know will prove a 
valuable experience. 

—WF 


TEOJ 


SAN FRANCISCO 


"sCSk 

A Universal 
Printer Driver 
with more than 
250 printers 
Preconfigured. 

FEATURING 

• Extensive C Libraries to 
simplify programming 

• Field Definition of New 
Printers by customers or 
nonprogrammers 

• No Royaities 

• Simpie Reports to Desktop 
Publishing 

• Less Expensive than 
developing one new 
Printer Driver 

PLUS 

Font Selection including “Best Match” 
Typeface, Size, Bold, Italic, and 
Proportional Font Selection 
Continuous or Interrupted Underline 
Automatic Font Downloading 
Automatic Pagination, Headings, and 
Footings 

Fine Position control without Floating 
Point 

Field configurable Paper Setup 
Corrections 

Field configurable Printer Routing with 
port selection and switch codes 
Adjustable Vertical Line Spacing 
Adjustable Horizontal Character 
Spacing 

Full 8 bit Character Sets and Character 
Remapping 

Extensive Library including printf 
Display Independent Message System 
for errors 

Current Data Access including Position 
and String Printing Width 
Line & Block Drawing for Laser Printers 
Paper Source Control 

SLATE is available immediately 
for $299 with our risk free, 30 
day return policy. Also available 
in combination with our 

S_PRINT Text Processing 

System for $349, a $99 savings. 

TO ORDER CALL 

800-346-3938 

The 

Svmmetry 

Group 

P.O. BOX 26195 
COLUMBUS, OH 43226-0195 
C 614-431-2667 
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No matter which 

Ethernet LAN 

you decide on, 
liber will make it 
decidedly better. 

Choose proven Ethernet network interface controllers like those from 3Com, Novell or 
Western Digital. Use proven Ethernet software like Novell Netware. Then come to 
Versitron for compatible fiber optic transceivers and star hub concentrators that let your 
LAN communicate on fiber optic cable instead of coax or twisted pair. 

With fiber optic cable, your LAN will be reliable. The medium can’t be disturbed by 
noise from adjacent heavy equipment wiring. It won’t suffer from ground currents. It 
won’t even be bothered by lightning. 

Since fiber does not carry electrical current, it won’t radiate RFI. And it’s very difficult 
to tap fiber without being detected. Fiber is lighter and more flexible so it is much easier 
to install. You can transmit up to 2000 meters between nodes compared to the 300 to 
1000 meter range of coax or even shorter range of twisted pair. 

With Versitron transceivers and concentrators, 
your Ethernet can be a combination of bus and 
star topology to match network geography. 

If you’ve never used fiber before, you might 
be interested in our starter kit. For just $995, 
you can put 2 nodes of your Ethernet LAN on 
fiber. 

If your network’s performance is important, 
there really is nothing to decide. Fiber is the 
right medium. And only Versitron offers fiber 
with the most popular Ethernet network con¬ 
trollers and software. Call us today at (301) 497'8600. 


O VERSITRON 

A Keene Corporation Company 



9005-8 Junction Drive Annapolis Junction, MD 20701 • Telephone (301)497-8600 Telex 4972387 
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several types of copying that seemed 
intuitive did not work. For example, I 
could not drag a file to a folder (a.k.a. 
directory) in order to place a copy of 
the file in the folder. The folder first 
must be opened in its own window 
and the file placed in the window. Sim¬ 
ilarly, I tried to copy a file to another 
volume (hard disk, diskette, etc.) by 
dragging a copy of it over the drive 
icon. Again, a window must be opened 
on the drive. Most operations in the 
File Cabinet are similarly restricted. 

The simple act of navigating 
around the hard disk is easier in the 
Presentation Manager than in Windows. 
The most helpful addition is the direc¬ 
tory tree, which is a diagram of the 
structure of directories on the disk. 

Such a facility is available in a variety 
of DOS programs such as Executive 
Systems’ XTree. The user can choose to 
see either the full tree, in which every 
leaf (subdirectory) is visible, or to see 
an outline tree, in which only the up¬ 
permost and selected leaves are visible. 
With the tree, moving to another direc¬ 
tory is just a matter of a few mouse 
clicks; furthermore, the tree obviates 
the need to know the name or correct 
spelling of the desired directory (espe¬ 
cially helpful on networks). 

The tree shows only folders. Files 
are listed in a separate window that 
opens when the folder is double¬ 
clicked. The new window displays all 
the files, including other folders, in a 
format that is similar to the small icon 
on the Macintosh; this display shows 
one file per line, including an icon, the 
name, the size, and the date. Three 
types of icons represent folders, exe¬ 
cutable programs, and everything else 
(assumed to be documents). 

The iconography in the file display 
window is terrible. The document icon 
looks like the typical one, with greeked 
text and a turned-down corner, but it is 
oriented in landscape mode. This un¬ 
fortunate choice led me to believe it 
had some special meaning. 

The folder icon is even stranger. 
Although the tree display quite reason¬ 
ably uses a tiny picture of a file folder, 
in the file display window, the icon 
looks like a little Starship Enterprise or, 
if you happen to be thinking trees, part 
of a tree structure. The latter is, of 
course, the real meaning. This icon 
choice is a travesty because it gives the 
system two different icons that have 
exactly the same meaning, which is 
anathema to an intuitive, easy-to-use 
interface. The folder icon should have 
been used in both cases. 


The file display window has no 
application-specific icons. If icons are 
supposed to help the user identify the 
object, then every file type (as deter¬ 
mined by file extension) in the system 
should have definable icons. In such a 
case, all letters could have the same 
icon, memos another, programs an¬ 
other; an organization could modify 
provided icons (or create new ones) 
to meet its own needs. 

One feature of the Presentation 
Manager that I like very much is associ¬ 
ation. In Windows, it is possible, al¬ 
though more complicated, to associate 
a file extension with a program so that 
clicking on the file invokes the pro¬ 
gram. The user has to edit the WIN.INI 
file (the AUTOEXEC.BAT of the Win¬ 
dows world) to make such associations. 
In the Presentation Manager, however, 
this activity is available as an interactive 
operation from one of the pull-down 
menus, so it is much more accessible 
to the average user. 

All my complaints about the User 
Interface Shell have the same theme: it 
doesn’t go far enough. It doesn’t offer 
enough direct manipulation; it doesn’t 
pay enough attention to details; many 
items are not intuitive enough. Yet, at 
the same time, the interface is light- 
years ahead of Windows and compara¬ 
ble (even better in a few areas, such as 
the tree display) to the Mac interface. 

I hope that Microsoft and IBM will 
look at the user-interface issues more 
closely. I also hope that IBM will step 
out, take some risks, and not be so 
constrained by its past. The Presenta¬ 
tion Manager, the most eagerly awaited 
of all the OS/2 components, just cannot 
afford to deliver less functionality or 
capability than its Apple counterpart if 
it hopes to gain and hold vital, new, 
end-user market share. 

ROTTEN APPLE 

Without question, Apple’s legal action 
claiming that Hewlett-Packard and 
Microsoft violated a 1985 agreement 
between Apple and Microsoft about the 
visual interface of the Macintosh was a 
stunning surprise to just about every¬ 
one, including Microsoft Chairman Bill 
Gates. It also has software developers 
worried. As Jimmy Durante used to say, 
“What a revoltin’ development.” 

While I respect Apple’s right to 
protect its inventions (I thought Apple’s 
action against Franklin’s Apple II clone, 
for example, was justified), I have two 
major problems with this recent ma¬ 
neuver. First, credit for the visual style 


If you can 
find better 
sort/merge 
software, 
buy it! 


Sortex:® A flexible, general 
purpose sort/merge facility 
which provides you with the 
ultimate in performance and 
reliability 



■ Runs from the DOS prompt, batch file, or 
applications written in Assembler, BASIC, 
COBOL, FORTRAN, Pascal, orC. 

■ Accepts your requirements through the full 
screen menu/panel facility, control file, or 
command line. 

■ Processes most of the commonly used file and 
data types. 

■ Produces output files with key, address, index, 
tag, or full records. 

■ Imposes no practical limitations. Files with four 
billion characters, records & fields with thirty 
two thousand characters each, and unlimited 
number of keys can be handled by Sortex. 

■ Allows records to be chosen selectively for 
processing. 

■ Sorts your records in ascending/descending 
order on any number of keys. 

■ Merges your sorted record sequences into 
one sequence on any number of keys. 

■ Preserves the input order of records on the 
output file if all their keys are identical. 

■ Allows keys to overlap, or be contained 
within other keys. They need not be 
contiguous. 

■ Processes files that contain both standard 
and nonstandard delimiters. 


30-Day Money-Back 
Guarantee 
Only $149.95 



CORPORA TI 0 N 

1915 W. Orangewood Avenue 
Orange, California 92668 
Tel.: 714 978 0480 
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of Macintosh should probably rest with 
Xerox, where most of the pioneering 
work was done. 

Second, Apple’s timing couldn’t be 
worse. The Macintosh is just starting to 
catch fire in corporate America, and it 
will be most of another year before the 
IBM side of the country has anything 
comparable (that is, both the operating 
systems and the applications to go with 
them). This is exactly the moment 
when Apple should be expressing con¬ 
fidence with the message that its sys¬ 
tems are superior, and it should be 
working like crazy to fill the connectiv¬ 
ity gaps in its strategy, so it could sim¬ 
ply say, “Let the competition roll and 
may the best desktop win.” 

Instead, the lawsuit indicates that 
Apple is nervous about IBM’s entree 
into its territory and the possibility of 
lost market share and is seeking help 
outside the marketplace (that is, the 
courts) to cut its losses. This is bound 
to cast a negative pall over Apple and 
will leave the company with a major 
public relations headache, no matter 
what the outcome. 

Too bad. I thought Apple was get¬ 
ting over its arrogance and settling 
down to serious business. Looks like 
I was wrong. 


ASHTON-TATE REPOSITIONS 

Ashton-Tate has had its share of criti¬ 
cism for failing to respond to increased 
competition for its flagship product, 
dBASE III PLUS. That competition has 
been particularly severe where net¬ 
working is concerned. Specifically, Nan¬ 
tucket’s Clipper and other compilers 
have offered more features and en¬ 
abled easier (and less costly) applica¬ 
tion distribution; Borland’s Paradox has 
led the way with greater ease of use 
and dynamic query optimization; prod¬ 
ucts such as ORACLE (Oracle Corpora¬ 
tion), Ingres (Relational Technology), 
and Informix (Informix Software) have 
migrated downward from minicomput¬ 
ers and mainframes, bringing with 
them application portability and Struc¬ 
tured Query Language (SQL) capability. 
SQL is the favored buzzword right now 
and dBASE does not have it. 

Ashton-Tate is suddenly on the 
comeback trail. It scored a major coup 
by netting the marketing rights to the 
Sybase SQL Server for PC networks. 
Although Ashton-Tate did not actually 
develop the technology, the announce¬ 
ment focused much-needed attention 
on the company with a product that 
was perfectly contemporary. 


The next step is the introduction 
of dBASE IV. On paper, dBASE iv seems to 
preserve vital compatibility with dBASE 
III PLUS, yet addresses all the areas in 
which that product has fallen behind 
the competition. 

To combat the compiler vendors, 
dBASE IV purports to offer faster execu¬ 
tion speed as well as extended pro¬ 
gramming features. All the elements 
that popularized Paradox, including 
query-by-example, the forms and re¬ 
ports tools, and an application genera¬ 
tor, give dBASE IV the appearance of 
modernity. SQL support makes the out¬ 
bound connection, meshes nicely with 
the SQL Server, and gives dBASE iv cred¬ 
ibility for serious corporate use. 

The one glitch may be that the 
prerelease publicity concentrates on 
tlte end-user features that Paradox 
brought to light, even though dBASE iv 
attacks all its competitors in a variety of 
areas. This publicity strategy may please 
dBASE devotees, but it also gives Para¬ 
dox a credibility boost. Unless the 
dBASE capabilities surpass those of Para¬ 
dox, Borland executives may end up 
being the ones jumping for joy. I Mam ^1 


Fastie is the editorial director and 
founding editor of PC Tech Journal. 



... The first 9-track magnetic tape controller for IBM's Personal System/2 
Micro Channel computers. Our LEO PC tape controller made us famous... 
Now, for your PS/2, we bring you "FAME" Fast Access Media Exchange. 




From the people who brought you 
the first 9-track tape subsystem for 
the IBM-PC comes the first 9-track 
magnetic tape controller and subsys¬ 
tem for the Personal System/2. With 
the new PS/2's high performance ca¬ 
pabilities, you need a high perform¬ 
ance magnetic tape controller, whether your application is 
moving data between computer systems (including PC's to 
PS/2's), backing up disk and/or file servers or processing tapes 
from telephone switching systems, FAME can provide the fast 


tion. IDT also maintains a full-time cus¬ 
tomer service staff providing the 
highest level of customer support. 


access you've been looking for. 

IDT manufactures complete subsys¬ 
tems for both PC and PS/2 com¬ 
puters that include a tape drive, 
controller, cables, along with exten¬ 
sive software and documentation 
offering you 

vendor solu- 'bm's 

Personal 
System/2 


I For more information call: 1-619-587-0555 

r lNNOWlVE 
DATA 

TECHNOLOGY 

5340 Eastgate Mall • San Diego, CA 92121 

(619) 587-0555 • TWX: (910) 335-1610 • FAX: (619) 587-0160 

IBM-PC. XT. AT, PS/2 (Personal System/2) and Micro Channel are registered trademarks 
of International Business Machines Corporation. 


IDT's Model 
TD-1012/FAME Tape Subsystem 
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Unleash the full power of the 80386 chip. 



NO OTHER PC CAN DO MORE FOR YOUR BUSINESS 
THAN THE ATST 6386 WORKGROUP SYSTEM. 


Compare the AT&T 6386 Work¬ 
Group System to alternative PCs; 
you’ll find it unleashes the full power 
of the 80386 chip. 

In fact, it’s one of the most power¬ 
ful personal computers on the mar¬ 
ket today 

Its true 32-bit architecture lets 
you perform real multi-tasking it 
supports multiple users with simul¬ 
taneous data access. 

But there’s much more to the AT&T 
6386 WGS than the powerful features 
that make it a superior computer 
today. 

The 6386 WGS is part of a family 
of AT&T computers that share an open 
architecture and interface called 
the AT&T Application Operating 
Environment. 


It’s a simple, powerful idea. 

The AOE embraces AT&T’s ap¬ 
proach to industry-standard oper¬ 
ating systems, languages, database 
management, graphics, networking, 
and more. 

Through AOE, AT&T is committed 
to openness and tme connectivity. 

So, no matter what exciting new 
opportunities the 
software industry 
provides, die AT&T 
6386 WGS is ready 
for them. 

And your in¬ 
vestment in AT&T 
computer equip¬ 
ment will remain 
safe and sound. 
Read on. 


k 


f> > . 


±t 


To help protect your current 
software investment we offer a 
machine that can run in all major 
operating environments including 
MS*-DOS, Windows/386, OS/2, 
UNIX System V, and Simul-Task 386. 

Rapid changes in today’s software 
world mean your computer must be 
ready for aiMhing that comes along. 

And it must be able to run all of 
your existing DOS software: word 
processing, spreadsheets, databases, 
forecasting packages, and so on. 



The powerftd 80386 chip in the 
AT&T 6386 WorkGroup System works 
with Windows/386 so you can multi¬ 
task DOS applications simultaneously 
- the number of applications is lim¬ 
ited only by your expandable RAM 
capacity. 

As OS/2 applications emerge, 
your 6386 WGS will be ready to run 
them. 

Plus you get the power of UNIX* 
System V; make the 80386 chip fly as 
you run powerful multi-tasking UNIX 
System applications, while Simul-Task 
386 lets you concurrently run your 
DOS applications in their own 
windows. 

And your 6386 WGS can serve up 
to 32 connected terminals in a multi¬ 
user environment. 

Take advantage of PC enhance¬ 
ments when opportunities arise. 

Running out of expansion slots in 
your computer is a major headache. 

And since the industry' promises 
even more exciting and powerful 
plug-in boards tomorrow, the prob¬ 
lem is just going to get worse. 







































So, in addition to providing for 
more memory, the 32-bit path lets 
you plan aliead now for high-perform¬ 
ance boards in tlie future. 

The 6386E WGS has an unprece¬ 
dented 10 expansion slots: four 32-bit 
paths, four l6-bit slots, and two 8-bit 
slots. (8 and l6-bit boards can be 
LKsed in the 32-bit slots.) 

The 6386 WGS offers seven slots: 
three 32-bit, two 16-bit, and two 8-bit. 

No other 386 computer series 
gives you more expandability. 

Add up to 5 magnetic periph¬ 
erals inside the machine. 

The AT&T 6386 WGS lets you add 
up to five mass-storage peripherals 
including tape drive - right in the 
machine. Why clutter up your desk 
with outboard units? 

Keep on using your current 
media by choosing inboard 3'/2-inch 
with a 5'/4-inch disk drive option. 

Why waste time converting all of 
your 5'/4-inch diskettes just to accom¬ 
modate a machine that forces you to 
use 3 '/ 2 -inch diskettes? 



Run at up to 20-megahertz clock 
speed. 

The 6386E WGS flies with its 20- 
megahertz clock speed (16 or 20 
megahertz for the 6386 WGS). 

Choose from four industry-stan¬ 
dard graphics protocols: EGA, CGA, 
MDA, and AT&T. 


The 6386 WGS series supports vir¬ 
tually every graphics display device 
on the market. 

Get total compatibility with 
existing XT and AT computers. 

The AT&T 6386 WorkGroup Sys¬ 
tem is totally hardware-compatible 
with the IBM** XT and AT. 

Virtually all the plug-in boards 
designed for earlier 8086 and 80286 
machines will work in the AT&T 6386 
machines. 

Expand RAM as needed. 

As new operating systems 
emerge, you need all the RAM you 
can get. 

Todays new operating systems 
and applications are significantly 
more memory-hungry 


FEATURE 

AT&T 6386 
WGS 

AT&T6386E 

WGS 

PROCESSOR 

80386 

80386 

CLOCK SPEED 

16/20MHZ 

20MHZ 

RAM (STANDARD) 

1MB 

2MB 

5.25" DISKETTE 

1.2MB 

360KB 

1.2MB 

360KB 

3.5" DISKEHE 

1.44MB 

1.44MB 

TOTAL INTERNAL 
DEVICES 

3 1/2HT 
+1 FULL 

3 1/2HT 
-k 2 FULL 

TOTAL HARD DISK 
CAPACITY 

435MB 

600MB 

STREAMING TAPE 
BACKUP 

40, 60 OR 
125MB 

40, 60 OR 
125MB 

EXPANSION SLOTS 

7 

10 


More RAM lets you run multi-task¬ 
ing and multi-user applications much 
more quickly. You avoid wasting time 
in unnecessary disk access, because 
tlie 6386 WGS lets you expand RAM as 
your needs increase. 

Plan for the ftiture by entering 
the AT&T Application Operating 
Environment. 

If you’re running PC applications 
today and find that you need to 
enlarge your workgroup sometime 
in the future, you won’t have to 
build an applications library from 
scratch. 

The AT&T AOE lets you port your 
UNIX System V software essentially 
unchanged to departmental size 
minis (including AT&T’s 3B comput¬ 
er family & RISC based machines) 
and mainframes, so you can start run¬ 
ning powerful 386-based applica¬ 
tions now, without fear for tomorrow. 


At the same time you can build a 
fully networked PC workgroup. 

The 6386 WGS is compatible with 
a wide range of peripherals, includ¬ 
ing AT&T’s laser, letter-quality, dot¬ 
matrix, and line printers; plotters; 
and high-performance display 
terminals. 



A single AT&T STARLAN Network 
can linji^from 2 to over 100 PCs, 
which means individuals in your 
workgroup can share printers, 
access the same data, and send 
messages. 

AT&T’s modular architecture and 
twisted-pair wiring make it easy for 
you to add stations as needed. 

How to protect your freedom of 
choice. 

To avoid buying the wrong 
machine, take a close look at the 
AT&T 6386 WorkGroup System. For 
more information on the 6386 WGS, 
the AT&T STARLAN Network, AT&T 
printers and terminals, and the 
Applications Operating Environ¬ 
ment, call your AT&T Account 
Executive, Authorized AT&T Reseller, 
or dial 1 800 247-1212. AT&T can 
arrange for you to examine the 6386 
WorkGroup System, the STARLAN 
Network, and other components 
you’ll need to build a productive 
workgroup. Either at a facility near 
you or by special arrangement at 
your business location. 

From equipment to networking, 
from computers to communication, 
AT&T is the right choice. 

•MS is a crademark of Microsoft Corporation. 

••IBM is a registered trademark of International Business Machines Corporation. 

Lotus is a registered trademark of Lotus Development Corporation. 

01988ATaT 

^AT&T 

The right choice. 







































Tech 



The latest in hardware, software, 
and technology for systems 
developers and integrators 



Arche Tedmologies’ Arclje Riml 386 


SYSTEMS 

A hand-held MS-DOS computer, the 
RHC-88, has been announced by 
Paravant Computer Systems. Its 16- 
bit microprocessor is 8088/86 software 
compatible. The computer’s main 
memory has 512KB of RAM (expandable 
to 1MB with an optional expansion 
board). The 4.5-pound RHC-88 is de¬ 
signed to meet military standard 



RHC-88 hcuicl-lK'Ui computer from Fctrcwaut 


MIL-STD-810D for operation in harsh 
environments. It features a high- 
contrast, 5-by-2.75-inch back-lit LCD 
screen. In text mode, the screen dis¬ 
plays 16 lines by 42 characters; in 
graphics mode, it provides a 256-by-128 
pixel resolution. The computer’s RS-232 
communications port provides a data 
transfer rate of up to 19.2 Kbps. The 
unit can be powered by a rechargeable 
NiCad battery, five alkaline C-cell bat¬ 
teries, or by AC using a transformer. Its 
color-coded, alphanumeric keyboard 
includes 52 tactile-feedback keys, which 
provide 74 characters/functions. $3,995. 
Paravant Computer Systems, 7800 
Technology Drive, Melbourne, FL 
32904; 3051727-3672 
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From Arche Technologies Inc. 
comes the Arche Rival 386, an 
80386-based PC featuring operating 
speeds of 10 and 20 MHz. It has 2MB 
of standard memory (expandable to 
16MB of 32-bit, zero-wait-state inter¬ 
leaved memory), a 1.2MB 5.25-inch dis¬ 
kette drive, two parallel and two serial 
ports, eight expansion slots (two 8-bit, 
four l6-bit, and two 32-bit), and op¬ 
tional 40MB, 65MB, 80MB, and 140MB 
hard-disk drives, yet it can accommo¬ 
date up to three, half-height storage 
devices internally. The Rival 386 cabi¬ 
net is narrower than most units. The 
system includes a 14-inch monochrome 
amber monitor with 1,000-line resolu¬ 
tion and flat screen. $4,395. 

Arche Technologies Inc., 745 High 
Street, Westwood, MA 02090; 
800/422-4674; 617/461-1111 
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PERIPHERALS 

The three-dimensional graphics perfor¬ 
mance of super graphics workstations 
is now available on PCs using the Nth 
3D Engine display controller from 
Nth Graphics. This single plug-in 
board derives its power from a combi¬ 
nation of parallel processing architec¬ 
ture, hierarchical management of the 
graphics display list, and an object- 
oriented software interface. The stan¬ 
dard Nth 3D Engine transforms 5,000 
constant-shaded, 500-pixel polygons per 
second. Interpolated shading using the 
Gourand method yields as many as 
2,500 100-pixel, four-sided polygons 
per second. The board supports conic, 
polygonal, and bicubic structures along 
with text, any of which can be interac¬ 
tively picked on the screen. The num¬ 
ber of light sources is limited only by 
the size of on-board memory (2MB 
standard, expandable to 8MB). Primi¬ 
tives can be displayed with anti-aliasing, 
transparency, and depth cuing applied. 


Two-dimensional primitive features in¬ 
clude scan conversion of lines, poly¬ 
lines, markers, polymarkers, text, cir¬ 
cles, arcs, ellipses, and splines. The 
standard Nth 3D Engine offers 1,024- 
by-768 pixel resolution and 256 colors 
from a palette of 4,096. $5,995. 

Nth Graphics, 1807-C W. Braker Lane, 
Austin, TX 78758; 800/624-7552; 
512/832-1944 
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Toshiba America Inc. has announced 
that its 2MB (1.44MB formatted) 3.5- 
inch diskette drive, the ND356T, is 
now shipping with the company’s Uni¬ 
versal Installation Kit. The kit adapts 
the drive to a 5.25-inch form factor for 
easy mounting into microcomputers 
designed for a 5.25-inch diskette drive. 
The ND356T offers easy transfer of soft¬ 
ware and data between 3.5-inch and 
5.25-inch media. Also available as an 
option is a software driver that allows 
the ND356T to be used with DOS 2.0 
through 3.1, and the drive to operate 
in computers that do not have native 
BIOS support. The ND356T will oper¬ 
ate with most standard installation con- 



Toshiba 's JMli J.S-iudj diskette drive 


trollers. ND356T with the Universal In¬ 
stallation Kit, $219.00; optional software 
driver, $14.95. 

Toshiba America Inc., Information 
Systems Division, 2001 E. 4th Street, 
Suite 120, Santa Ana, CA 92705; 
714/954-1125 
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Quantum’s ProDrive Series 3.5-inch hard-disk drive 


LANStor disk subsystem from Storage Dimensions 


Disk subsystems that fully support Net¬ 
Ware 2.1 are available from Storage 
Dimensions. The subsystems, an ex¬ 
pansion of the LANStor products line, 
offer average access times of 17 milli¬ 
seconds and a high-speed host adapter 
that has a 1:1 interleave factor to take 
advantage of the disk’s 10-megabit 
transfer rate. The host adapter elimi¬ 
nates the need for Novell’s Disk 
Coprocessor Board or other hard-disk 
controllers. The LANStor internal drives 
offer 148MB and 286MB capacities, and 
the external models can provide up 
to 1,144MB in a single, self-contained 
two- or four-drive enclosure. Several 
subsystems can be interconnected for 
higher capacities. Internal subsystems, 
$3,095 to $5,145; external subsystems, 
$6,325 to $22,530. 

Storage Dimensions, 2145 Hamilton 
Avenue, San Jose, CA 95125; 
4081879-0300 

CIRCLE 312 ON READER SERVICE CARD 

A family of 3.5-inch hard-disk drives, 
the Quantum ProDrive Series, has 

been announced by Quantum Corpo¬ 
ration. The ProDrive Series includes 
10 drives with formatted capacities 
from 42MB to 168MB. The drives fea¬ 
ture average access times of 19 milli¬ 
seconds (ms) or less. Quantum’s pro¬ 
prietary DisCache buffer-management 
system decreases disk transaction times 
by as much as 50 percent, resulting in 
seek times of 12 ms in many applica¬ 
tions. The ProDrive Series has a speci¬ 
fied mean-time-between-failure rate of 
50,000 hours. The ProDrive 40S/40AT 
and 80S/80AT models have capacities of 
42MB and 84MB, respectively (the S 
models have integrated SCSI control¬ 
lers; the AT models have AT-bus inter¬ 
faces). OEM prices for quantities of 
2,000: 40S/40AT, $520; 80S/80AT, $845. 
Quantum Corporation, 1804 McCarthy) 
Blvd., Milpitas, CA 95035; 

408 / 432-1100 
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A color PostScript printer, the QMS 
ColorScript 100, has been introduced 
by QMS Inc. Its QMS-designed exter¬ 
nal controller, based on a 68020 micro¬ 
processor operating at 16.67 MHz, 
comes with 8MB of RAM and 1MB of 
ROM, enough to handle a full 11-by- 
17-inch page of PostScript text and 
graphics. The controller has a built-in 



QMS ColorScript 100 printer 

20MB hard disk with SCSI interface for 
permanent downloading of nonresident 
typefaces or extending temporary font 
cache memory. For easy connection to 
IBM, DEC, and Apple environments, the 
QMS ColorScript 100 has RS-232, Cen¬ 
tronics parallel, and RS-422/AppleTalk 
interfaces. The Mitsubishi G650 
thermal-transfer print engine uses a 
sequential color wax-transfer process to 
lay down square pixels at a resolution 
of 300-by-300 dots per inch. Mono¬ 
chrome, three-color, and four-color ink 
film is available; the printer can gener¬ 
ate seven primary colors plus white, 
and users can simulate an unlimited 
number of secondary colors. Output is 
to 8.5-by-ll or ll-by-17-inch thermal 
transfer paper stock and transparency 
film. The ColorScript 100 printer has a 
recommended monthly duty cycle of 
4,000 prints. $24,995. 

QMS Inc., One Magnum Pass, Mobile, 
AL 36618; 205/633-4300 

CIRCLE 311 ON READER SERVICE CARD 


The BOOT family of security access 
products has been announced by 
ThumbScan Inc. With pcboot for 
individual PCs or lanboot for net¬ 
works, PC owners can prevent unau¬ 
thorized users from initializing or boot¬ 
ing the PC, using software, or accessing 
files. Both products consist of the Gor¬ 
dian Access Key coupled with a half¬ 
slot board that plugs into the PC or 
LAN file server. The Gordian Access 
Key is a domino-sized, battery-powered 
device that provides a nonrepeatable 
password code when held against the 
terminal screen; the code authenticates 
the user’s right to access the system 
within seconds, pcboot, $179.95; lan¬ 
boot, $379.95; additional Gordian Ac¬ 
cess Keys, $75.00. 

ThumbScan Inc., Two Mid-America 
Plaza, Suite 800, Oakbrook Terrace, IL 
60181; 312/954-2336 

CIRCLE 316 ON READER SERVICE CARD 

A series of seven ESDI hard-disk 
subsystems for NetWare 2.1 has 
been introduced by Emerald Systems 
Inc. The series, which includes seven 
disk-drive models, has a data transfer 



Emerald System’s ESDI hard disk subsystem for NetWare 2 

rate of 10Mbps, an average access time 
of 16.5 milliseconds, and a 1:1 inter¬ 
leave factor. Available in both internal 
and external configurations, the basic 
ESDI hard-disk drives have capacities of 
150MB and 300MB; dual-drive models 
with 600MB combine two 300MB drives 
using Emerald’s proprietary DiskMeld 
software utility to form one logical 
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Discover a new world 
of C performance. 


At a special low 
introductory price! 

WATCOM announces a new team of high- 
performance C language development 
systems that deliver proven superior results. 
Both are available now, at low introductory 
prices, for IBM PCs, PS 2s. and compatibles. 

Best of Both Worlds. 

Both systems are optimizers. Express C 
optimizes your time. WATCOM C6.0 
optimizes your code. You win both ways! 


WATCOM C6.0 
Optimizing Compiler 
and Tools For the 

Fastest Tightest Code. 

This unique development system 
produces the fastest execution speeds and 
smallest code available, as shown in 
benchmark tests against Microsoft C5.0 and 
Turbo C. It includes the new WATCOM 
VIDEO Debugger which quickly diagnoses 
elusive bugs without the need for extended 
memory even in very large programs. 
WATCOM C6.0 comes with a copy of 
Express C and offers a broad spectrum of 
advantages including: Extensive fine-tuning 
capabilities. A sophisticated register 
allocation scheme that eliminates many 
costly memory references. True register 
variables. Flow analysis. Altogether it allows 
your code to run its quickest. 

Without a doubt, WATCOM C6.0 is the 
ideal choice for all memory models, small 
to huge, and on systems with or without 
80x87. Its flexible run-time conventions also 
allow efficient interfacing with a wide range 
of libraries and language processors. 

Superlative Performance 

(7] On-line Help Text 
[7] Disassembler 
[7] Overlay Linker 
[7] Object Librarian 
[71 MAKE 
0 Express C 

List Price 


0 Full ANSI C Optimizing 
Compiler 

0 Visual Interactive Debugger 
0 Full ANSI C Run-time 
Library 

0 Source Editor 
0 WATCOM C and Express 
C User s Guides 
0 WATCOM C Language and 
Library References 
0 WATCOM Editor User s 
Guide 


$495 

Introductory 

Price: 


$ 


295 
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With the WATCOM VIDEO debugger you can debug large applications without 
extended memory. 



System 

Requirements 


System; IBM PC, PC XT. 

PC AT. PS 2, or true compatible 
Recommended memory; 512K 
Operating system; 

PC-DOS or MS-DOS. 
version 2.0 or later. 


Software Credentials. 

WATCOM C6.0 is the product of 20 years 
of computer language experience dating back 
to the creation of WATFOR in 1965. Our 
commitment to technical support matches our 
commitment to deliver the world’s fastest and 


most productive programming tools. With more 
than 400,000 software products in worldwide 
use and site licensing available for multiple 
machines and networks, you simply 
cannot find a better source of software 
development tools. 
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CIRCLE NO. 213 ON READER SERVICE CARD 


WATCOM Express C 

For the 

Fastest Development 
Environment. 

This seamless development environment 
offers high speed compilation and the 
ultimate in programming ease. It is an 
integrated editor, compiler, debugger, linker 
and run-time system. With unexcelled 
diagnostic capabilities, it quickly checks 
apparently correct code and uncovers 
common or difficult bugs that other compilers 
miss. Express C provides you with reliable 
code and exceptional productivity. 

Unparalleled Productivity 


0 Full ANSI C Compiler 
0 Integrated Source Editor 
0 Integrated Debugger 
0 Full ANSI C Run-time 
Library 

0 Integrated linker loader 
0 On-line Help Text 
0 WATCOM C Library 
Reference 

0 WATCOM Express C User's 
Guide 


0 WATCOM C 

Language Reference 
0 Overlay Linker 
0 Object Librarian 
0 MAKE 


List Price; $125 

Introductory 

Price; 


*75 


SPECIAL INTRODUCTORY OFFER! 

Diskette size: □ 3 V 2 " □ 5V4" 

__C6.0 at introductory price $295 

_Express C, at introductory price $75 

_Please send product information. 

_Please contact re: site licensing and 

corporate price quotes. 

‘Limited time introductory prices apply only to prepaid 
orders.(VISA/MasterCard) Shipping and handling extra. 





Company _ 

Street_ 

City_ 


Suite 306-21, Dept. PC-06 
1430 Massachusetts Ave., Cambridge, MA 02138 

Available now. For immediate delivery in the USA and Canada call; VISA_MasterCard_Card # . 

Exp. Date_Signature_ 


. State _ 


-Zip. 


1 - 800 - 265-4555 


WAT COM and Express C are trademarks of WATCOM Systems Inc. 
© Copyright 1988 WATCOM Products Inc- 




































































GalaxylMC tape backup system from Genoa Systems 


Peabody for Turbo Pascal 4 0 and C from Copia International 


drive. Prices range from $3,995 for the 
internal LAN150-3122 to $15,995 for the 
external LAN600-5122. 

Emerald Systems Inc., 4757 Morena 
Blvd, San Diego, CA 92117; 
8001553-4030; 6191270-1994 

CIRCLE 315 ON READER SERVICE CARD 

A line of tape backup systems for IBM’s 
Micro Channel architecture has begun 
shipping from Genoa Systems Corpo¬ 
ration. Galaxy/MC can be used to 
transfer files from the PC/XT and PC/AT 
to PS/2 Models 50, 60, and 80. The sys¬ 
tems are also cross-compatible with 
previous Genoa Galaxy tape systems. 
They perform image backups at 5MB 
per minute and can restore individual 
files from image. Novell network sup¬ 
port is provided by Genoa’s GenWare 
network software (which is included 
with the drives), and optional NetSafe 
virtual network server software is avail¬ 
able to support IBM NETBIOS-compati- 
ble networks. The Galaxy/MC is avail¬ 
able in 60MB data cassettes and 60MB 
or 125MB streaming-tape cartridges, in 
both internal or external configura¬ 
tions. $1,250 to $2,500. 

Genoa Systems Corporation, 73 E. 
Trimble Road, San Jose, CA 95131; 
4081432-9090 

CIRCLE 317 ON READER SERVICE CARD 


SOFTWARE DEVELOPMENT 

Pop-up software reference guides for 
the PC have been announced by Copia 
International Ltd. Currently available 
is Peabody for Turbo Pascal 4.0, 
which includes 325KB of notes, warn¬ 
ings, and examples for more than 300 
reserved words and standard identifi¬ 
ers, and Peabody for C Language 
(Microsoft C Language 5.0). $100 each. 
Copia International Ltd., 1964 Richton 
Drive, Wheaton, IL 60187; 
3121665-9830 

CIRCLE 324 ON READER SERVICE CARD 


Laney Systems Inc. has announced 
ProScreen 4, a screen-development 
tool for Microsoft QuickBASIC 4.0. 
Screens are produced in minutes, com¬ 
plete with validation and custom logic. 
Features include prototyping, pop-up 
help, mapped keys, robust field tab 
functions, validation tables and value 
toggling, message functions, marked 
fields, five mapped exit keys, full func- 





laney System’s ProScreen 4 


tion-key support, custom BASIC code 
placement before and after field pro¬ 
cessing, and direct support of all BASIC 
variable types. Field attributes include 
color, justification, case, class, order, 
data type, read/write, validations, and 
associated BASIC variable names. 

Screen attributes include message, text, 
help and cursor colors, field autoskip, 
field autoerase, key map file, and help 
specifications. $99- 

Laney Systems Inc., 3 Office Park Drive, 
Suite 100, Little Rock Arkansas 72211; 
5011225-7755 

CIRCLE 327 ON READER SERVICE CARD 

Microsoft Corporation has intro¬ 
duced five enhanced languages, a pro¬ 
grammer’s text editor, an enhanced 


debugger, and other utilities for devel¬ 
oping applications with Microsoft OS/2 
and IBM OS/2. Designed to allow the 
development of both MS-DOS real¬ 
mode and OS/2 protected-mode appli¬ 
cations, the language versions are the 
Microsoft C Optimizing Compiler 
5.1, Microsoft Macro Assembler 5.1, 
Microsoft BASIC Compiler 6.0, 
Microsoft FORTRAN Optimizing 
Compiler 4.1, and Microsoft Pascal 
Compiler 4.0. Also announced was 
the Microsoft OS/2 Programmer’s 
Toolkit, which provides documentation 
and special utilities for developing 
OS/2 applications. 

All of these languages can call 
OS/2 directly through the application 
program interface; all share the same 
math libraries and support very large 
program development (up to 16MB of 
real memory and 1GB of virtual mem¬ 
ory); and all support interlanguage call¬ 
ing. The CodeView debugger now sup¬ 
ports the enhanced languages and can 
move freely between OS/2 and MS- 
DOS environments. The fully program¬ 
mable editor allows as many as eight 
windows and multiple files to be open 
at once. The other utilities are Micro¬ 
soft ILINK, an incremental linker for 
OS/2 only, which links only executable 
modules that have been changed; 
Microsoft IMPLIB, which creates OS/2 
dynamic link libraries; and the Micro¬ 
soft BIND Utility, which creates appli¬ 
cations that can run in either DOS 3.x 
real mode or OS/2 mode (not included 
with Microsoft BASIC 6.0). C 5.1, $450; 
BASIC 6.0, $295; Macro Assembler 5.1, 
$150; FORTRAN 4.1, $450; Pascal, $300; 
Programmer’s Toolkit, $350. 

Microsoft Corporation, 16011 N.E. 36th 
Way, P.O.Box 97017; Redmond, WA 
98073-9717; 2061882-8080 

CIRCLE 320 ON READER SERVICE CARD 

A software utility package for Borland 
Turbo Pascal 4.0 programmers is of¬ 
fered by Intermedia Design Systems 
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PolyAWK’ - The Toolbox Language. 

For C, Pascal, Assembly & BASIC Programmers. 


We call PolyAWK our '"toolbox" language 
because it is a general-purpose language that 
can replace a host of specialized tools or pro¬ 
grams. You will still use your standard language 
(C, Pascal, Assembler or other modular 
language) to develop applications, but you will 
write your own specialized development tools 
and programs with this versatile, simple and 
powerful language. Like thousands of others, 
you will soon find PolyAWK to be an indis¬ 
pensable part of your toolbox. 

A True Implementation 
Under MS-DOS 

Bell Labs brought the world UNIX and C, and 
now professional programmers are discovering 
AWK. AWK was originally developed for UNIX 
by Alfred Aho, Richard Weinberger & Brian 
Kernighan of Bell Labs. Now PolyAWK gives 
MS-DOS programmers a true implementation 
of this valuable "new" programming tool. 
PolyAWK fully conforms to the AWK standard 
as defined by the original authors in their book. 
The AWK Programming Language. 

A Pattern Matching Language 

PolyAWK is a powerful pattern matching 
language for writing short programs to handle 
common text manipulation and data conver¬ 
sion tasks, multiple input files, dynamic regular 
expressions, and user-defined functions. A 
PolyAWK program consists of a sequence of 
patterns and actions that tell what to look for 
in the input data and what to do when it's 
found. PolyAWK searches a set of files for lines 
matched by any of the patterns. When a match¬ 
ing line is found, the corresponding action is 
performed. A pattern can select lines by com¬ 
binations of regular expressions and com¬ 
parison operations on strings, numbers, fields, 
variables, and array elements. Actions may per¬ 
form arbitrary processing on selected lines. The 
action langauge looks like C, but there are no 
declarations, and strings and numbers are built- 
in data types. 

Saves You Time & Effort 

The most compelling reason to use PolyAWK is 
that you can literally accomplish in a few lines 
of code what may take pages in C, Pascal or 
Assembler. Programmers spend a lot of time 
writing code to perform simple, mechanical 
data manipulation — changing the format of 
data, checking its validity, finding items with 
some property, adding up numbers and print¬ 
ing reports. It is time consuming to have to 
write a special-purpose program in a standard 


PolyAWK Comes With The 

Definitive 

Book On / 

AWK... /' TV, 








Requires 

MS-DOS 

2.0 or above & 256K RAM. $77 

When you order PolyAWK you receive a copy 
of The AWK Programming Language written by 
the authors of the original UNIX-based AWK. 
The book begins with a tutorial that shows how 
easy AWK is to use, followed by a comprehen¬ 
sive manual. Because PolyAWK is a complete 
implementation of AWK as defined by the 
book's authors, you will use this book as the 
manual for PolyAWK. 

You can purchase PolyAWK and the book. The 
AWK Programming Language, for $99. If you 
already have the book, you can order PolyAWK 
software only for $85, which is $14 off the 
regular $99 purchase price. (The book serves 
as the User’s Manual, so you you should 
already have a copy of the book if you are order¬ 
ing the software only.) 

PolyShell Bonus! 

PolyShell gives you 57 of the most useful UNIX 
commands and utilities under MS-DOS in less 
than 20K. You can still use MS-DOS commands 
at any time and exit or restart PolyShell without 
rebooting. MS-DOS programmers — discover 
what you have been missing! UNIX program¬ 
mers — switch to MS-DOS painlessly! 
PolyShell and PolyAWK are each $99 when 
ordered separately. Save $50 by ordering the 
PolyShell + PolyAWK combination package for 
$149. Not copy-protected. 

30-Day 

Money Back Guarantee 

Credit Card Orders: 

1-800-547-4000 

Ask for Dept. FI] 

Send Checks and P.O.s To: 
POLYTRON Corporation 
1700 NW 167th Place, Beaverton, OR 97006 
(503) 645-1150 - FAX: (503) 645-4576 


language like C or Pascal each time such a task 
comes up. With PolyAWK, you can handle such 
tasks with very short programs, often only one 
or two lines long. 

Prototype With PolyAWK, 
Translate To Another Language 

The brevity of expression and convenience of 
operations make PolyAWK valuable for proto¬ 
typing even large-sized programs. You start 
with a few lines, then refine the program, ex¬ 
perimenting with designs by trying alternatives 
until you get the desired result. Since programs 
are short, it's easy to get started and easy to start 
over when experience suggests a different 
direction. PolyAWK has even been used for 
software engineering courses because it's possi¬ 
ble to experiment with designs much more 
readily than with larger languages. It's straight¬ 
forward to translate a PolyAWK program into 
another language once the design is right. 

Very Concise Code 

Where program development time is more 
important than run time, AWK is hard to beat. 
These AWK characteristics let you write short 
and concise programs: 

• The implicit input loop and the pattern-action 
paradigm simplify and often entirely elimi¬ 
nate control flow. 

• Field splitting parses the most common forms 
of input, while numbers and strings and the 
coercions between them handle the most 
common data types. 

• Associate arrays use ordinary strings as the 
index in the array and offer an easy way to 
implement a single-key database. 

• Regular expressions are a uniform notation 
for describing patterns of test. 

• Default initialization and the absence of 
declarations shorten programs. 

Large Model 
Implementation 

PolyAWK is a large model implementation and 
can use all of av^able memory to run big pro¬ 
grams or read files greater than 64K. 

Math Support 

PolyAWK also includes extensive support for 
math functions such as strings, integers, 
floating point numbers and transcendental 
functions (sin, log, etc.) for scientific applica¬ 
tions. Conversion between these types is 
automatic and always optimized for speed 
without compromising accuracy. 





High Quality Software Since 1982 
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Advanced Digital Corporation's 286 Netivork Manager 


Attadjniate's Advanced 3270 Adapter 12 


Inc. The T4 Utilities Library com¬ 
prises 19 compiled units of royalty-free 
useful code. Features include packed 
Boolean arrays, numeric conversions, 
procedural and functional parameters, 
ExtCrt for string editing and keyboard 
handling, extended DOS, extended text 
I/O, and fast line-based random access 
on text files. $34.95. 

Intennedia Design Systems Inc., 15 
Century^ Hill Drive, Suite 100, Latham, 
NY 12110; 518/785-1661 

CIRCLE 328 ON READER SERVICE CARD 

An expanded version of the SAS System 
for microcomputers is being shipped 
by SAS Institute Inc. Enhanced prod¬ 
ucts include sas/graph, an information 
and presentation graphics tool; sas/fsp, 
a complete information-processing sys¬ 
tem with full-screen data entry, editing, 
querying, and letter-writing tools; and 
SAS/AF, an interactive applications devel¬ 
opment facility for building front-end 


Source of Revenue 
us. Opvitioni 



Screen from SAS Institute’s SAS/GRAPH 


menus, computer-based training, and 
on-line help systems. The new release 
also features updated and expanded 
data-management tools, including ex¬ 
tended macro capabilities, and en¬ 
hanced SAS/STAT and sas/iml statistical 
packages. First-year license for base 
SAS software, $495 for one workstation 
to $8,495 for 500 workstations. 

SAS Institute Inc., SAS Circle, P.O. Box 
8000, Cary>, NC 27512-8000; 
919/467-8000 

CIRCLE 330 ON READER SERVICE CARD 


CONNECTIONS 

Advanced Digital Corporation 

(ADC) has introduced the multiuser 
286 Network Manager based on the 
16-bit, 10-MHz 80286 and including the 
Phoenix BIOS for full IBM compatibil¬ 
ity. The 286 Network Manager supports 
1.5MB of RAM standard on the mother¬ 
board and includes a 40MB hard disk, 
a 1.2MB 5.25-inch diskette drive, and a 
controller that supports an extra dis¬ 
kette drive and two hard disks. A four- 
user configuration running under 
Novell ELS NetWare includes four ADC 
Personal Network Stations, which use 
standard IBM-compatible keyboards and 
monochrome monitors. Each personal 
workstation has its own 8-MHz 80188, 
512KB of dynamic memory, and mono¬ 
chrome video adapter interface. Basic 
multiuser system, $4,450. 

Also from ADC is the Trans- 
Former 2, which allows PS/2 systems 
to be used as file servers for ADC Per¬ 
sonal Workstations, running under 
Novell NetWare or Network-OS. As 
many as nine Personal Network Station 
boards may be installed in ADC’s 
PC-EXBUS, a PC expansion chassis, with 
the remaining tenth slot used for an 
ADC XI expansion bus interface board. 
ADC’s TransFormer 2 package, com¬ 
plete with the TransFormer 2 expan¬ 
sion board, pc-exbus, ADC XI board, 
and 3-foot cable, $1,695. 

Advanced Digital Corporation, 5432 
Production Drive, Huntington Beach, 
CA 92649; 714/891-4004 

CIRCLE 310 ON READER SERVICE CARD 

A 3270 micro-mainframe adapter for 
the IBM PS/2 Micro Channel that will 
accommodate standard 3270 coaxial 
cable or twisted-pair wiring has been 
announced by Attachmate Corpora¬ 
tion. The Advanced 3270 Adapter/2, 
which connects the PS/2 to an IBM- 
compatible 3X74 control unit, will run 


Attachmate’s extra! connectivity software 
or any software written for IBM or 
IRMA coaxial adapters. Two connectors 
are available for the new adapter: a 
modular RJ-11 jack provides direct con¬ 
nection for twisted-pair wiring using a 
standard telephone-style plug, and a 
dual-purpose connector accommodates 
either standard 3270 coaxial cable or 
twisted pair, depending on the mating 
connector. With either connector, an 
on-board balun eliminates the need for 
the separate, outboard matching trans¬ 
former normally required for twisted¬ 
pair wiring. $595. 

Attachmate Corporation, 3241 118th 
SE, Bellevue, WA 98005; 206/644-4010 

CIRCLE 309 ON READER SERVICE CARD 

Microsoft Corporation and Hewlett- 
Packard Company jointly announced 
that Microsoft LAN Manager/X 

(LM/X), which brings the functionality 
of MS OS/2 LAN Manager to the UNIX 
System V operating environment, will 
be available in the first quarter of 1989. 
Initially developed to run on 80386- 
based systems under Microsoft UNIX 
System V/386 3.2, LM/X can be ported 
to servers running otlier implementa¬ 
tions of UNIX. An LM/X-based server 
will be able to service requests from 
workstations running any of Microsoft’s 
other networking products and related 
IBM products. 

LM/X will run on a variety of net¬ 
working hardware, such as Token-Ring, 
IEEE 803.3 Ethernet, and 5BASE1 Star- 
LAN. The product will be ported to dif¬ 
ferent protocol environments, including 
PC-LAN, TCP/IP, and ISO. LM/X main¬ 
tains consistency with LAN Manager’s 
API, giving it interprocess communica¬ 
tion mechanisms such as redirected 
pipes and mail slots. This support can 
be extended to other communication 
protocols such as advanced program- 
to-program communication. The initial 
version of LM/X will be licensed to 
OEMs, who may then port it to other 
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vNET networking system from NetWorth DataPetfect database program from WordPerfect Corporation 


hardware and software environments. 
Contact the companies directly for 
price information. 

Microsoft Corporation, 16011 N.E. 36th 
Way, P.O. Box 97017, Redmond, WA 
98073-9717; 2061882-8080 

CIRCLE 307 ON READER SERVICE CARD 

Hewlett-Packard, Colorado Networks 
Division, 3404 East Harmony Road, Ft. 
Collins, CO 80525 

CIRCLE 308 ON READER SERVICE CARD 

A Micro Channel LAN that uses the 
high-speed PS/2 arbitration bus has 
been introduced by NetWorth Inc. 

The twisted-pair networking systems 
vLAN+ and vNET can interface to the 
PS/2 without preempting the 80286 or 
80386 CPU, so that LAN activity does 
not decrease the processing power of 
the PS/2. vLAN+ and vNET support as 
many as 64 and 128 users per file 
server, respectively. Bridged together, 
they have the capability of building a 
network of as many as 1,000 users. 
VLAN+, $545; vNET, $595. 

NetWorth Inc., 8101 Ridgepoint Drive, 
State 107, Irving, TX 75063; 
8001544-5255; 214/869-1331 

CIRCLE 306 ON READER SERVICE CARD 

A high-performance program that al¬ 
lows PC users on a NetWare network to 
share data, print services, and applica¬ 
tions with Digital Equipment Corpora¬ 
tion (DEC) VAX computers is an¬ 
nounced by Novell Inc. NetWare 
VMS allows any VAX VMS computer to 
function as a network file and print 
server for IBM PCs with NetWare 2.0a. 
NetWare VMS is completely compatible 
with NetWare 2.0a and its applications 
and with NetWare 2.1. In addition, Net¬ 
Ware VMS can be used to connect to 
remote VAX systems, and it provides 
transparent file sharing with the VAX 
from any PC located on the network. 
NetWare VMS will be available in the 
third quarter of 1988. Its price is based 
per server, from $5,500 to $26,500. 


Novell also introduced the Net¬ 
Ware Archive Server Software, a 

dedicated software package that pro¬ 
vides on-line archive and restore func¬ 
tions for single or multiple LANs. This 
software provides each user with the 
ability to dynamically select directories 
or files to be archived and restored as 
needed, and it automatically archives 
files according to previous user specifi¬ 
cations. $1,995. 

Novell Inc., 122 E. 1700 S, Provo, UT 
84601; 800/453-1267; 801/379-5900 

CIRCLE 304 ON READER SERVICE CARD 

A LAN gateway that concurrently sup- 
pons both IBM advanced program-to- 
program communication (APPC) and 
3270 protocols has been introduced by 

Communications Solutions Incor¬ 
porated. The Maxess SNA Gateway 

supports logical unit (LU) 6.2 and node 
types 2.0 and 2.1 for both program-to- 



Maxess SNA Gateway from Communications Solutions 


program and peer-to-peer connectivity. 
APPC functions provided include paral¬ 
lel sessions, multiple LU support, and 
both basic and mapped conversation 
verbs. Its application programming in¬ 
terface (API) is fully compatible with 
IBM’s APPC/PC API. The Maxess SNA 
Gateway also provides 3270 gateway 
capabilities, including emulation of a 
3274 cluster controller, while the net¬ 
worked workstations emulate 3278/79 
terminals and 3287 printers. Other fea¬ 
tures include 3270 PC-compatible file 


transfer and an API compatible with 
IBM’s 3271 standard high-level lan¬ 
guage application programming inter¬ 
face (HLLAPI). Maxess supports as many 
as 32 concurrent sessions, with each 
individual workstation able to run mul¬ 
tiple sessions. Price for 32 concurrent 
sessions, $4,995. 

Communications Solutions Incorpo¬ 
rated, 2125 Hamilton Avenue, San 
Jose, CA 95125; 408/559-1118 

CIRCLE 305 ON READER SERVICE CARD 


DATABASE MANAGERS 

A structured relational database pro¬ 
gram, DataPerfect 2.0, has been an¬ 
nounced by WordPerfect Corpora¬ 
tion. DataPerfect features a menu- 
driven definition scheme, large data 
capacity, a powerful formula processor, 
and compatibility with other WordPer¬ 
fect Corporation products. No network 
commands are needed to run DataPer¬ 
fect on a network; as soon as a data¬ 
base structure is defined, many users 
can simultaneously view, enter, and 
modify data in the same file(s). 

DataPerfect supports a text stor¬ 
age capacity of 510 million bytes, with 
data file sizes of more than 2 billion 
bytes and 16 million records. Each 
database may have up to 80 panels, and 
each panel may have a maximum of 80 
fields. Formulas may be used to initial¬ 
ize field values, calculate a field value 
from other data, manipulate dates, and 
validate fields. Initial copy/file server, 
$595; five subsequent network stations 
or five runtime-only licenses, $495. 
WordPerfect Corporation, 1555 N. 
Technology} Way, Orem, UT 84057; 
801/225-5000 

CIRCLE 337 ON READER SERVICE CARD I Mimiiiiii iBI 


The material that appears in Tech Releases 
is based on vendor-supplied information. 
These products have not been reviewed by 
the PC Tech Journal editorial staff. 
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Fast database development system 
with SQL-based db.QUERY 
and Ix)tus 123 interface... ™ 



PROGRAMMERS- 

We asked what you 
wanted in a database 
development system and 
we built it! 

db_VISTA III™ is the database development system for 
programmers who want powerful, high performance 
DBMS capabilities ... and in any environment . Based on 
the network database model and the B-tree indexing 
method, db_VISTA III gives you the most powerful and 
efficient system for data organization and access. From 
simple file management to complex database structures 
with millions of records. db_VISTA III runs on most 
computers and operating systems like MS-DOS, UNIX, 
VAX/VMS and OS/2. It’s written in C and the complete 
source^code^savailab^ so your application perfor- 
rnance and portability are guaranteed! With db_VISTA 
III you can build applications for single-user microcom¬ 
puters to multi-user LANs, up to minis and even main¬ 
frames. 


FAST • PORTABLE • ROYALTY-FREE 

PROFESSIONAL SERVICES: In addition to 60 days of 
FREE technical support, we offer complete services to 
get your development project going and keep it on 
track: 

Training Classes • Extended Support • Applications 
Development & C Programming Services • Consulting • 
Database Design & Optimization • Product Modification 

We’re committed to making your database project a success! 

HOW TO ORDER: Call us; we’ll help determine your 
needs and get you started. Add components as you need 
them. Ask about the new Lotus interface. . .Call today! 


rhe db_VISTA III™ Database Development System 


I db.VISTA™: The High Performance DBMS 
rhe major features include: 

' iMulti-user support for LANs and multi-user 
computers. 

' Multiple database access. 

’ File and record locking. 

’ Automatic database recovery. 

’ Transaaion processing and logging. 

' Timestamping. 

' Database consistency check utility. 

Fast access methods based on the network 
database model and B-tree indexing. 

An easy-to-use interaaive database access 
utility. 

File transfer utilities for importing/export¬ 
ing ASCII text and dBASE II/III files. 

A Database Definition Language patterned 
after C. 

Virtual memory disk caching for fast 
database access. 

A runtime library of over 100 funaions. 


B db_QUERY:~ The SQDbascd Query. 

• Provides relational view of db_VISTA 
applications. 

• Structured Query Language 

• C linkable. 

• Predefine query procedures or run ad-hoc 
queries “on the fly”. 

B db_REVISE"* *; The Database 
Restructure Program. 

• Redesign your database easily. 

• Converts all existing data to revised design. 

H WKS Library for Lotus 123- 

• C-linkable interface to Lotus files. 

• Operating systems: MS-DOS, UNIX V, 
XENIX, VMS, OS/2. 

• C Compilers: Lattice, Microsoft, IBM, 
Aztec, Computer Innovations, TUrbo C, 
XENIX, and UNIX. 

• LAN systems: LifeNet, NetWare, PC Net¬ 
work, 3Com, SCO XENIX-NET, other NET¬ 
BIOS compatible MS-DOS networks. 


U1 components feature royalty-free run-time distribution, source code 
ivailability and our commitment to customer service. That’s why cor- 
)orations like ARCO, AT&T, Hewlett-Packard, IBM, Northwestern 
tiutual Life, UNISYS and o^ers use our products. 


The db-Vista Difference 

Continuous high performance 


Access 

time 



Relational / 


Relational J 


dbms / 


dbms / ^ 



Developnieni 


db_Vista 


db_Vista 


Design complexity 


db_VISTA III™ Database 
Development System 

clbLVlSTAIII “ 
db_QUEIVr” 
dbLl\fVISE“ 
db_VlS1A~ File Manager 
WKS Library for Lotus 123 
When high quality data base applications with outstanding 
performance are important to your company’s success: 

CALL l-800-db-RAIMA 


«595 - 3960 
S595 - 3960 
8595 - 3960 
Starts at 8195 
Starts at 8195 




(that’s 1-800-327-2462) 

In the UK call Systemstar Ltd. 0992-500919 

ro RAIMA 

Ll^ 1 CORPORATION 

3055 112th Avenue N.E., Bellevue, WA 98004 (206) 828-4636 
Telex: 6503018237MCIUW FAX: (206) 828-3131 


































WithModenis 
you can M Smart 




liuii nit fNMftr 

get file froH lilRROR op Cmstalk using Cpossi 
transHit Hie to MIRROR op Crosstalk sgsteu 
specify block size used by Knit 

receive file using XMODDi (ModeH ?) protocol 
transMit file using XMODEM protocol 
if on, use CRC error detection in XMODEM 
receive file using XMODEM protocol 
transMit file using XMODEM protocol 
receive files using XMODEM milti-file protoco 
transHit files using XMODEM Multi-file protoc 

receive file using Keruit protocol 
transHit file usinti Kermt protocol 
get a file fron a KerHit server 
specify Kewit defaults 

receive file using SwartcoH 11 protocol 
send file using SRartcon II protocol 


RxHodeM 

XxModen 

Crc 

RyModeH 

XynodeH 

Rbatch 

Xbatch 


Rkernit 

Xkemit 

GkerMit 

KerMit 





or Gef Smarfer 


2400etc 



The Next Generation in Modems 

■ ' V 


■ A Custom designed 2400 Baud Internal 
PC modem by the makers of the world- 
famous EGAWONDER^means high 
performance & reliability. 

■ Built-in microprocessor & digital signal 
processor ensures 100% error-free data 
using MNP-5. 

■ Data compression increases 
throughput to 4800bps. 

■ Background data spooling 
or Electronic Mail.* 




software included, Free. 



Smart price to pay for Smart technology 


Full package of 



Technology you can Trust 


ATI is a registered trademark of ATI Technologies Inc. 
MNP is a trademark of Microcom Corporation. 


ATI Technologies Inc., 3761 Victoria Park Ave. 


Crosstalk - Digital Communications Associates Inc. 
Smartcom II - Hayes Micro Computer Products Inc. 


Mirror II is a trademark of Softkione Distribution Corporation. 


Scarborough. Ontario, Canada MlW 3S2 
Tbl: (416) 756 0711, TlX: 06-966640 (ATI TOR) 


Fax: (416) 756-0720 
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COVER SUITE: 

LAN TECHNOLOGY 


Network 

G)mplexity 

The considerations for evaliAUtingLANs are 
numei^ous and complex. Understanding the issues 
and knowing how to judge performance will help 
you choose the LAN that best fits your needs. 

STEVEN S. KING 


L ocal area networks (LANs) may 
well be the ultimate platform for 
production softw^are, communica¬ 
tions, and sharing computer resources, 
yet today’s PC LAN industry is in a pro¬ 
found state of disarray. Major vendors 
are standardizing on different technolo¬ 
gies; hardware/sofhv^are incompatibili¬ 
ties persist; and LAN applications are 
becoming more difficult to integrate. 

Witli this cover suite, PC Tech 
Journal launches a series of in-depth 
LAN evaluations. Our intent is to apply 
consistent, comprehensive criteria to 
distributed technologies that support 
microcomputers as workstations. LAN 
performance is assessed using a utility 
written in C (see the sidebar, “The LAN 
Performance Challenge,” p. 46). The 
first network evaluated is Novell Net¬ 
Ware 2.1 (p. 58, this issue). 

The PC Tech Journal LAN series is 
designed to help developers and inte¬ 
grators who create products for PC LAN 
platforms, as well as end-user organiza¬ 


tions that acquire, develop for, and 
maintain LANs. Not long ago, this 
would have been a select group—few 
companies were willing to invest in the 
new technology. Today, however, firms 
feel the urgency of connectivity. Conse¬ 
quently, LANs are proliferating into 
virtually ever>^ sector of the economy. 

The focus of this LAN evaluation 
series is multipurpose office automa¬ 
tion networks supporting data manage¬ 
ment, communications, document pro¬ 
duction, and group-productivity soft¬ 
ware. File servers, workstations, and 
communications hardware are covered 
from the standpoint of their interaction 
with the network softw^are. 

The IAN industr>^’s priorities natu¬ 
rally correspond to the ascending lay¬ 
ers of the Open System Interconnec¬ 
tion (OSI) protocol stack. The higher 
the layer, the more the need for im¬ 
provement in existing protocols. The 
internationally acknowledged OSI 
model, developed by the International 


Standards Organization (ISO), defines 
seven layered communications proto¬ 
cols used by PCs, minicomputers, and 
mainframes to converse across local 
and wide area networks (see table 1). 

The OSI layers are represented in 
a vertical arrangement, with the lower 
levels addressing hardw^are concerns; 
the middle layers covering internet¬ 
working, routing, and flow control; and 
the upper layers defining protocols for 
nerw^ork applications and program-to- 
program communications. 

As the lower communications lay¬ 
ers have improved, primary technical 
concerns have migrated up the proto¬ 
col stack. Thus, the greatest deficiencies 
in the PC LAN industry^ are at the top of 
the stack, in the session, presentation, 
and application areas. 


The complexity of local area networks 
evokes the indicate patterns of nature, typi¬ 
fied he}'e and on page 59 by examples of 
sea fan coral. 
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NETWORK COMPLEXITY 


In the early stages of the LAN In¬ 
dustrie’s development, much attention 
was directed toward the lower-level 
hardware concerns, such as topology 
and media access—major elements of 
any LAN implementation. But as the 
technology has matured, media-access 
methods have been stabilized by the 
wide acceptance of IEEE’s 802 model, 
which defines specifications for Ether¬ 
net, StarLAN, and Token-Ring. Along 
with the de facto standard ARCnet, the 
802-derived topologies increasingly will 
dominate the network landscape. (For 


more on LAN topologies, see “LAN 
Hardware Standards,” Art Krumrey and 
John Kolman, June 1987, p. 54.) 

Technical concerns are substantial 
in the middle, subnet layers, but ade¬ 
quate protocols are available, such as 
Transmission Control Protocol/Internet 
Protocol (TCP/IP) and Xerox Network 
Systems (XNS), both of which perform 
addressing, routing, and other internet¬ 
work functions. 

While work goes on defining the 
upper layers, the PC LAN industry con¬ 
tinues to depend heavily on NETBIOS, 


THE LAN PERFORMANCE CHALLENGE 


Quantifying LAN performance is diffi¬ 
cult because of the myriad variables 
affecting network throughput. Net¬ 
work performance becomes an issue 
to users only when it noticeably af¬ 
fects application tasks. Most current 
LAN evaluation techniques have little 
relevance to the performance of topi¬ 
cal DOS LAN applications. Even deter¬ 
mining what constitutes acceptable 
performance is somewhat subjective. 
Complicating this funher are LANs 
that support diverse applications and 
users. A network perceived as a good 
performer for word processing max- 
do poorly with demanding data- 
management tasks. 

Manufacturers of LAN adapters 
and network test equipment view per¬ 
formance in terms of network media 
utilization—a netxv^ork moving 5 
megabits per second (Mbps) on 10- 
Mbps media is 50-percent utilized. 

This approach reveals much about the 
efficiency of low-level network com¬ 
ponents, but says little about applica¬ 
tion performance. 

Network vendors supporting 
large shared-processor systems often 
use the speed of a standard software 
operation to represent performance. 
This works for easily defined opera¬ 
tions performed regularly, but such a 
situation is not txpical for most gen¬ 
eral-purpose LANs. Application usage 
patterns are difficult to predict. Other 
techniques evaluate the data-transfer 
rate or the delay associated with it. 

To correlate network perfor¬ 
mance with application performance, 
it helps to look at end-to-end network 
throughput. For PC LANs, end-to-end 
throughput can be conceived as the 
rate of data transfer between a work¬ 
station application and the server. If 
data transfer betxx^een network nodes 
does not significantly impede applica¬ 
tion performance, then end-to-end 


throughput is adequate. If data-trans¬ 
fer rates adversely affect application 
performance, end-to-end throughput 
is insufficient, and die data-path sub¬ 
components require examination. 

Many discrete components lie in 
the data path between two nemork 
nodes, any of which could introduce 
latency and limit throughput. The 
path from a client application to the 
server’s disk travels down the client’s 
communications stack, through the 
network transmission media, up the 
sender communications stack, and ar¬ 
rives at the server’s operating system 
and disk channel. The return trip 
takes the same route in reverse. A 
highly layered network might include 
the following components in the data 
path: operating system, redirector or 
shell, router software, data-link soft¬ 
ware, network card, cable system, 
caches, and disk channel. 

Ideally, LAN performance evalua¬ 
tions should account for end-to-end 
throughput and the throughput of 
data-path components. End-to-end 
throughput is limited by the slowest 
component. For example, a network 
without disk caching may be limited 
by the throughput of its disk channel. 
If caching is enabled, the disk chan¬ 
nel is eliminated as a bottleneck; 
other possibilities are the worksta¬ 
tion’s processor speed, media-access 
software, or network interface card. 

High-performance networks such 
as Token-Ring or Ethernet are not 
generally thought to restrict through¬ 
put, but the advent of 80386 worksta¬ 
tions and servers introduces this po¬ 
tential. Token-Ring’s maximum 
throughput is less than 350 KB per 
second (KB/s) when the overhead of 
the network card and driver are con¬ 
sidered. This is well below maximum 
386 tliroughput and may even limit 
some fast 80286 machines. 


IBM’s program-to-program protocol for 
PC networks. Despite its wide use, 
NETBIOS barely qualifies as a true 
session-level protocol, and it is by no 
means adequate to support complex 
multiuser applications on an internet¬ 
work. Upper protocol layers should 
support global name service, authenti¬ 
cation, and a rich set of interprocess 
communications routines. PC LAN ven¬ 
dors tend to tack on these features at 
the application level instead of includ¬ 
ing them in the communications sub¬ 
system where they belong. In contrast. 


INTRODUCING LANPERF 

PC Tech Journal has developed the 
performance utility, LANPERF, to 
measure the throughput in KB/s of 
applications making DOS calls. 
LANPERF can be downloaded from 
PCTECHline, PC Tech JoimmH on¬ 
line service. It may be run on one or 
more network stations and synchro¬ 
nizes testing for multiple stations. 
Portions of LANPERF are written in 
assembly language to minimize laten¬ 
cies introduced by the test code. Un¬ 
like most DOS applications, LANPERF 
operates continuously, so its through¬ 
put approaches the maximum data- 
transfer rate for DOS operations. 

LANPERF can be used to com¬ 
pare the performance of different 
configurations of a single network or 
of two different networks. It reveals 
the effects on throughput made by 
changing components such as caches, 
drives, network cards, workstations, 
serx^er processor, and so on, so that 
adjustments can be made to improve 
LAN performance. Some of tliese 
components impact throughput sub¬ 
stantially, so changing them can yield 
striking results. 

The LANPERF program should 
run on any network that supports 
DOS 3.1 or later. Because it uses 
DOS calls, LANPERF reports through¬ 
put statistics for local diskette drives, 
hard disks, and RAM drives, in addi¬ 
tion to network drives. The typical 
throughput for a 286 machine writing 
to a fast, local hard disk is approxi¬ 
mately 100 KB/s; in this test, the disk 
channel was the limiting factor. A 16- 
MHz Compaq Deskpro 386 running 
LANPERF measured a throughput of 
2,067 KB/s when reading from a local 
RAM drive. 

LANPERF performs a read test 
and a write test, each of which runs 
for a user-specified number of sec- 
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minicomputer and workstation vendors 
have made substantial progress in the 
implementation of these advanced func¬ 
tions—for example, Sun Microsystems 
Inc.’s Remote Procedure Call/External 
Data Representation (RPC/XDR) and 
Digital Equipment Corporation’s (DEC) 
Session Control. 

Ultimately, the quality of services 
obtained by client applications is gov¬ 
erned by the client/server protocol at 
the top of the stack—the application 
level. The current industry-standard 
protocol, Microsoft Network’s server 


onds. The read test creates a tempo¬ 
rary file containing random data and 
reads it repeatedly; the write test 
writes random data to a temporary 
file. For both modes, the block size 
and file size may be set from the 
command line. To achieve overlayed 
reads or writes, file size is set equal 
to block size; otherwise operations 
will be sequential. The DOS extended 
open mode for reads and writes may 
be specified, including deny-read, 
deny-write, deny-read/write, deny- 
none, or compatibility mode. These 
parameters allow LANPERF to simulate 
standard file operations made by DOS 
applications. Changing any of them 
can impact network performance. 

Vandng block size, for example, 
has a dramatic impact on application 
throughput. Blocks sizes of 512 bytes 
or larger are close to the capacity of 
a network packet and result in high 
throughput figures; small blocks (such 
as 1 byte) are processed individually 
and require a packet per block. In 
testing, the throughput for 1,024-byte 
reads by a 10-MHz AST Premium/286 
was 98.13 KB/s. The same configura¬ 
tion tested with 1-byte blocks yielded 
3.58 KB/s, revealing the cost of work¬ 
ing in small block sizes. 

File-open modes affect perfor¬ 
mance if network software supports 
local caching in the client station. 

Local file caching lets applications 
perform small read and write opera¬ 
tions to local cache buffers rather 
than the server. The contents of local 
buffers are updated periodically on 
the server. Local caching will not 
work for large data transfers because 
buffer size is typically small. Opera¬ 
tions that open files nonexclusively 
cannot use local caches due to data- 
synchronization needs on the server. 

Because applications do not gen¬ 
erate continuous traffic, as LANPERF 


message block (SMB), does not support 
a rich set of client services. Some suc¬ 
cessful LAN vendors do not rely on 
SMB and have their own file system 
interface. Novell’s NetWare Core Proto¬ 
col (NCP) and Sun’s Network File Sys¬ 
tem (NFS) are examples of robust 
client/server protocols that are open to 
programmers and developers. 

ACROSS THE LAN-SCAPE 

The diversity of LAN applications and 
implementation techniques makes it 
difficult to establish evaluation criteria. 


does, the KB/s metric must be inter¬ 
preted into application terms. One 
approach is to measure times for 
loading network applications into 
memory and standard application 
operations, such as searches, sorts, 
indexing, copying, and so on. Then, 
using the same configuration, run 
LANPERF to determine the throughput 
figures. This reveals the levels of 
throughput needed to perform appli¬ 
cation tasks in a specific elapsed time. 
Application performance for another 
network configuration can then be 
predicted by comparing LANPEIff^ 
throughout results for both networks. 

Although LANPERF provides a re¬ 
liable method of comparing through¬ 
put for various configurations, corre¬ 
lating application performance with 
throughput measurements is not an 
exact science. No standard profile for 
application demands exists; conse¬ 
quently, the LAN evaluator has the 
burden of identifying application 
usage patterns and interpreting 
LANPERF throughput measurements. 

PERFORMANCE TRANSACTIONS 

Although it is a useful measurement, 
continuous throughput is only one 
aspect of LAN performance. A data- 
transfer operation does not reach full 
throughput levels instantly—a session 
must first be established between two 
network nodes. This may involve ex¬ 
changing session IDs, sockets, or han¬ 
dle numbers, and negotiating transfer 
parameters. The management of ses¬ 
sions take place on more than one 
protocol level, with various layers 
conducting handshaking and initializa¬ 
tion sequences. 

The DOS request-response archi¬ 
tecture introduces significant delay 
into file operation when combined 
with the natural latency of the net¬ 
work link. Every DOS request to the 


New LAN products and even new 
classes of products appear at an amaz¬ 
ing rate. Nearly as many variations of 
LAN technologies have emerged as 
there are types of installation sites and 
applications. It seems for every LAN 
technology, there is a different LAN 
implementation philosophy. 

One striking dichotomy in the LAN 
industry is the two separate approaches 
to network resource management: 
peer-to-peer and centralized. The peer- 
to-peer view is typified by high levels 
of storage and peripheral resources at 


file server must wait for a response 
before the next operation is per¬ 
formed. Opening and closing files 
also incurs delay. 

Many network applications in¬ 
volve more than sustained transfer 
operation and require smaller opera¬ 
tions with high administrative over¬ 
head (databases, for example). Such 
an operation does not achieve 
throughput equal to the capacity of 
the session’s link. Consequently, the 
maximum throughput figure as mea¬ 
sured by LANPERF is not the only 
meaningful representation of network 
performance. 

For repeated operations in which 
administrative overhead is substantial, 
a transaction is a more significant 
representation. A transaction corre¬ 
lates well to functionally related activ¬ 
ities, such as open-read-close, that are 
bounded by initialization and comple¬ 
tion sequences. For performance 
modeling purposes, many types of 
transactions could be considered, each 
with different levels of administrative 
overhead. A transaction for a mes¬ 
sage-passing session comprises all 
operations required to establish the 
session, transfer data, and terminate 
the session. A transaction for a data¬ 
base session includes opening, lock¬ 
ing, reading, writing, and closing files. 

The performance characteristics 
of transactional operations in network 
environments require a more sophis¬ 
ticated utility that can introduce de¬ 
lays into operations and model com¬ 
plex application traffic patterns. How¬ 
ever, the transactional approach is not 
a fully developed methodology. The 
LANPERF utility, as introduced, is de¬ 
signed to measure throughput for 
sustained file operations involving 
many iterations. Future enhancements 
to the program are anticipated. 

—Steven S. King 
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A MODEM THAT IS TWICE 
AS GOOD AS IT LOOKS. 


It says 9.600 bps. But for this modem, trans¬ 
mitting data at 9.600 bps over dial-up lines isn’t the 
half of it. 

Its built-in data compression can boost 
throughput to 19,200 bps. While error-control pre¬ 
vents loss of data. 

With no effort on your part —no selecting 


protocols, no compressing files. 

A V-series Smartmodem ObOO’^” can even take 
the place of tvi^o modems. Because it communicates 
in either synchronous or asynchronous mode. 

All of which makes our 9600 at least twice as 
good as it seems. Or, looking at it the other way, 
more than double your money’s worth. 


For your nearest Hayes dealer, call 800-635-1225. Hayes Microcomputer Products. Inc.. RO. Box 105203. Atlanta. GA 30348. 
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Hayes 


1988 Hayes Microcomputer Products. Inc. 






NETWORK COMPLEXITY 


TABLE 1 I Network Protocols 


OSI LAYER 

PROTOCOLS 

SUPPLIER 

Application/ 

NCP (NetWare Core Protocol) 

Novell 

Presentation 

NFS (Network File System) 

SUN Microsystems 


SMB (Server Message Block) 

Microsoft Corp. 

Session 

APPC (Advanced Program-to- 
Program Communication) 

IBM 


DNA Session Control 

DEC 


NETBIOS 

IBM 


RPC (Remote Procedure Call) 

SUN Microsystems 

Transport/ 

XNS (Xerox Network Systems) 

Xerox Corp. 

Network 

TCP/IP (Transmission Control 

U.S. Department 


Protocol/Internet Protocol) 

of Defense 

Data link/ 

ARCNET 

Datapoint 

Physical 

Ethernet 802.3 

IEEE 


Token Bus 802.4 

IEEE 


Token Ring 802.5 

IEEE 


StarLAN 

Others 

IEEE 


Tlie upper protocol layers are not yet standardized and vary among vendors. On 
the session layer, only NETBIOS is widely used for PC networks. XNS, at the 
transport layer, has been adopted by Novell and 3Com, among other vendors. 


the workstation, thus handing large sys¬ 
tem administration responsibilities to 
each user. The centralized view, on tlie 
other hand, holds that network re¬ 
sources are best managed and main¬ 
tained on powerful, centralized file 
servers. With this approach, worksta¬ 
tions need high processing power, but 
are not the ideal location for mass stor¬ 
age, peripheral, and backup resources. 

Biases toward either of these ap¬ 
proaches impact design processes for 
LAN products and network application 
software. The ironic credo for advo¬ 
cates of centralized resources is, “Dis¬ 
tributed doesn’t mean decentralized.” 
This translates to: processing power 
may be distributed to the end users’ 
workstations, but the responsibilities 
for network administration should be 
centralized, as they are on minicomput¬ 
ers and mainframe systems. Supporters 
of the peer-to-peer approach, in con¬ 
trast, believe that the workstation is the 
center of the automation universe, both 
in terms of resources and management 
responsibilities. 

Although any LAN can include ele¬ 
ments of both strategies, most vendors 
fall easily into one camp or the other. 
LAN vendors such as Banyan Systems, 
Novell, and 3Com support high levels 
of centralized management and re¬ 
sources. With systems from these ven¬ 
dors, the network can be administered 
by any end-user node, but administra¬ 
tive responsibilities typically are held 
by a select group with special privi¬ 
leges. Hard drives, communications 
equipment, and tape backup units are 
generally situated at dedicated servers, 
not at workstations. 

Vendors with a peer-to-peer orien¬ 
tation include TOPS and Apple Com¬ 
puter. Many low-end PC LAN products 
lack centralized hardware support and 
management facilities, and conse¬ 
quently fall into the peer-to-peer cate¬ 
gory by default. Representatives of the 
low-end or workgroup LANs are Net- 
work-OS, from CBIS; Port, from Water¬ 
loo Microsystems; and lONET, from 
lONET Communications. 

Peer-to-peer LANs are not as reli¬ 
ant on heavy communication between 
nodes, because the stations store much 
of their data locally. One disadvantage 
to this approach is that shared data are 
fragmented onto local drives, making 
access by many users difficult. In some 
applications, fragmented data may not 
be an issue. Peer-to-peer LANs rely on 
a higher level of effort and systems 
knowledge on the part of end users 
who share each other’s equipment. 

This is impractical in many business 


environments. Centralized resources 
are probably the better choice in a sys¬ 
tem where end users are not overtly 
computer oriented. 

LANs with more centralized re¬ 
sources require higher bandwidth to 
support regular file I/O and queuing of 
requests to the servers, and this can 
mean higher costs for hardware. The 
payoff is that the centralized resource 
helps ensure the availability, integrity, 
and backup of shared data. 

STANDARD BEARER 

If the two approaches are different in 
most other aspects, they are affected 
equally by the atmosphere of evolving 
standards. LAN standards must advance 
if the industry is to realize its potential 
to provide computer users with a uni¬ 
formly high level of distributed services 
for the spectrum of applications. Only 
when standards have become well de¬ 
fined will vendors be able to differenti¬ 
ate themselves by tlie quality, depend¬ 
ability, performance, and cost of their 
products. Without standards, products 
providing the same services are not in¬ 
terchangeable and vendors can lock 
buyers into sole-source relationships 
that encourage neither innovation nor 
rapid progress for the industry. 

Standards are often at war with 
proprietary interests. The struggle for 
international telecommunications stan¬ 
dards involving IBM’s System Network 
Architecture (SNA), OSI, and Integrated 
Services Digital Network (ISDN) is an 
example of this. Each of these interests 


wants standards, but each would prefer 
standards that closely relate to its own 
products. Witness the slim likelihood 
that protocol components from vendors 
such as DEC and Hewlett-Packard (HP) 
will be freely interchangeable in the 
near future—even if they support OSI. 
In the minicomputer and mainframe 
industries, standards provide a com¬ 
mon language more often for efficient 
communications between dissimilar 
systems, rather than open interchange 
of vendor components. 

The PC LAN industry has similar 
examples, and worse, the standards 
presently in place are based on older, 
single-user technologies and address 
somewhat primitive network functional¬ 
ity. The most advanced network func¬ 
tions are available only in proprietary 
technologies, and the progress of LAN 
standards is far from keeping pace with 
product development. A bigger prob¬ 
lem with standardizing these advanced 
technologies, even now, is that not all 
vendors will support them. For exam¬ 
ple, major LAN vendors currently are 
adopting different electronic mail (E- 
mail) and database engines, thus mak¬ 
ing standard development platforms 
difficult to achieve. 

The chances for the LAN industry 
to standardize rapidly on much-needed 
distributed file systems, client/server 
interfaces, store-and-forward capabili¬ 
ties, or session-layer protocols do not 
look promising. As with the large sys¬ 
tems industries, the best that can be 
hoped for is that proprietary products 
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As one of the world’s leaders 
in PC connectivity, it’s hardly 
sui^prising that Businessland* 
is itself one of the most heavily 
networked organizations in 
the world. 

In fact, Businessland operates 
its own business through over 
130 connected LANs, integrating 
components from dozens of 
different hardware and software 
manufacturers. Connecting miaos 
to minis and mainframes located 


throughout the United States 
and England. 

So, we don’t just know how 
to network. We also know how 
connectivity impacts a business 
environment. How electronic mail 
not only improves communication 
and reduces “meeting” times, but 
how it opens up entirely new and 
more productive ways to work. 

And how sharing resources can 
reduce expenses and support staff. 

The proof? At Businessland, 


the sales per employee has more 
than doubled in four years. In fact, 
our productivity has increased 
over 40% last year alone. 

So if you’d like to learn more 
about networking from someone 
who really understands it, just 
give us a call at 1-800-328-8383 
for the Businessland Center 
nearest you. 

BUSIfESSuuo. 

A Different Kind of Computer Company 


Effect Of Networking Businessland 
(Sales Per Employee) 


$350,000 



Calendar 


1984 


1985 


1986 


1987 


Businessland and the Businessland logo are registered trademarks of Businessland Inc. 
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NETWORK COMPLEXITY 


from major vendors will talk to each 
other in a relatively seamless fashion. 

This problem is compounded by 
the possibility that LAN standards may 
not evolve in “obvious” directions. 
Normally, standards are developed by 
international organizations, or large 
industrial interests in a particular in¬ 
dustry. In some cases, though, when 
standards have not provided what users 
require, a smaller company with a su¬ 
perior product may spontaneously cre¬ 
ate a new standard against all odds— 
the Hayes Smartmodem, for example, 
or Adobe’s PostScript. 

The LAN industry has reached the 
point where standards such as DOS 
and NETBIOS have fallen too far be¬ 
hind user needs for advanced network 
functions. If new products such as 
OS/2, LAN Manager, and advanced 
program-to-program communication 
(APPC) do not fill the gap quickly, 
products from other sources will. 

One possibility is that LAN pur¬ 
chasers may become dissatisfied with 
the slow development of PC LAN stand¬ 
ards and instead buy their LANs from 
workstation vendors such as Sun or 
Apollo. These vendors can support 
DOS applications with DOS coproces- • 
sors or software emulation and thus 
enjoy the benefit of powerful network 
services not available with PC LAN in¬ 
dustry products. In the short term then, 
LAN products must be evaluated consci¬ 
entiously and with careful anticipation 
of the evolving industry. 

A GAUGE TO APPLY? 

Despite this divergence of LAN philoso¬ 
phies, general-purpose office automa¬ 
tion LANs can be evaluated against a 
common set of criteria. The following 
considerations were developed from 
study of the services provided by PC 
LANs, UNIX workstation systems, and 
minicomputers and mainframes. 
Interoperability. With the virtual explo¬ 
sion of new and different LAN architec¬ 
tures into the market, interoperability 
is fast becoming a priority for many 
organizations. Applications on a given 
LAN must be able to interact with ap¬ 
plications on other systems tliat might 
include dissimilar LANs, workstations, 
minicomputers, and mainframes. Often, 
two or more dissimilar architectures 
are supported within the same organi¬ 
zation—sometimes at the same site. 

Part of the interoperability require¬ 
ment is support for multiple client 
operating systems. Also important are 
gateways providing transparent protocol 
conversion between user application 
processes running on different systems. 


TOPS has found an excellent niche 
providing interoperability between 
Apple-, DOS-, and UNIX-based clients. 
Other vendors, such as Banyan, Novell, 
and 3Com, are directing major efforts 
to achieve similar functions. 

Application programming interfaces. LANs 
are becoming the platform of choice 
for PC application developers. A full- 
featured LAN should support a large 
number of callable software routines; 
at a minimum, support of standard 
DOS 3.x function calls should be pro¬ 
vided. Important intersystem APIs in¬ 
clude IBM’s high-level language appli- 

i)esp^fe the divergence of 
LAN philosophies, general- 
purpose office automation 
LANs can be evaluated 
against common criteria. 


cation programming interface (HLLAPI), 
APPC, NETBIOS, and the Berkeley 
socket interface for TCP/IP. 

The DOS criteria requires that cli¬ 
ent applications write and read from 
network disk files in the same way they 
would with files on local disks. Some 
of the APIs to be ^pected from a full- 
featured LAN include services for file 
management, usage accounting, remote 
jobs, printing, asynchronous servers, 
network diagnostic and management, 
name servers, database servers, and in¬ 
terprocess communications. Advanced 
network functions should be evaluated 
for the degree of programmer accessi¬ 
bility provided by the vendor in the 
form of link libraries and well-pro¬ 
duced documentation. 

Communications protocols. LANs depend 
on their communications protocol stack 
for much of their performance and 
functionality. Inefficient code at any 
protocol layer is a potential bottleneck. 
At odds with performance is the need 
for well-structured protocol interfaces 
between communications functions. 
Deficiencies in the stack stifle a LAN’s 
ability to grow and to internetwork. 
Many LANs need to show improvement 
in this area. 

Products based on older technolo¬ 
gies tend to leave out layers or com¬ 
bine different communications func¬ 
tions into a single component. Even the 
high-end LAN vendors are ambivalent 
at times about highly layered communi¬ 


cations software. This is understandable 
when considering the performance 
penalties associated with dividing com¬ 
munications processes into discrete 
modules, each with its own I/O inter¬ 
face. In the long run, however, the ben¬ 
efits of many independent layers out¬ 
weigh the drawbacks of any perfor¬ 
mance or development overheads. 

Well-defined protocol components 
allow sections (modules) of the stack 
to be modified or replaced without af¬ 
fecting the other layers. Also important, ' 
a layered approach provides optional 
points of interface between dissimilar 
systems. For example, if OSI-type layers 
are in place, designers can interface 
systems at the data-link layers with a 
bridge, at the internetwork layers with 
a router, or at the application layers 
with a gateway. Ideally, a LAN vendor 
should provide more than one type of 
protocol at each layer of the stack, al¬ 
lowing LANs to adapt to different bud¬ 
gets, communications resources, and 
application demands. 

Network management. Without strong 
network management capabilities, local 
and wide area networks prove unrelia¬ 
ble, even if they are built with well- 
designed protocol stacks and mature 
distributed operating systems. Network 
management tools should provide the 
system manager with network monitor¬ 
ing and reconfiguration capabilities 
from any node. Statistics on network 
traffic and server access patterns should 
be available for off-line analysis. Full- 
featured network management utilities 
are invaluable for diagnosing network 
faults, managing connections, leveling 
loads, and planning capacity. 

None of the current PC LAN offer¬ 
ings has fully developed network man¬ 
agement facilities, but the minicom¬ 
puter and mainframe architectures have 
had more time to develop sophisticated 
network management. DEC’S Digital 
Network Architecture (DNA) is a fine 
model for establishing network man¬ 
agement criteria. It allows a system 
manager or an automated management 
process to monitor and configure com¬ 
ponents of the protocol stack. DEC 
supplies a high-level network manage¬ 
ment command language so that pro¬ 
grams can enhance network manage¬ 
ment functions. These same types of 
services are also necessary for the ex¬ 
pansion of PC LANs. 

Security. In many LANs, security is a 
priority and a constant user concern. 
Users of stand-alone PCs are accus¬ 
tomed to the physical security of stor¬ 
ing their data on a local hard disk in 
their own offices, which they lock up 
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when they leave. When a stand-alone 
user starts using a LAN, this type of se¬ 
curity is not apparent. 

LANs can provide excellent levels 
of securit^^ but this involves a host of 
concerns, including the vulnerability of 
data on shared hard disks, the possible 
disclosure of data printed on network 
printers located in common areas, the 
dangers of unencrypted passwords on 
the wire, and the information dissemi¬ 
nation provided by LAN-based wide 
area E-mail systems. 

Although all LANs have some secu¬ 
rity features, many are deficient in this 
area, particularly those that use DOS to 
host their server operating functions. 
Some distributed systems, such as Sun 
Microsystems’ DFS, enhance their au¬ 
thentication and server security with 
techniques based on the National Bu¬ 
reau of Standards’ Data Encryption 
Standard (DES). Shared resources, such 
as printers and directories, need more 
protection than a simple password. A 
sophisticated LAN security system in¬ 
cludes functions such as login tracking, 
forced password change, file and 
volume encryption, and audit trails. 
Costs. The cost associated with an ap¬ 
plication on a LAN is generally under¬ 
stood to be less than for the equivalent 
application on a minicomputer. This 
widely held belief can be misleading, 
however. Cost evaluations must take 
into account the many indirect costs 
associated with LAN. 

For example, the direct hardware 
and software costs for a fully loaded 
80286 workstation connected to a 
shared file server may be less tlian 
$5,000—especially if the file server 
costs are distributed across many sta¬ 
tions. But even if the shared equipment 
costs are factored into the price of a 
workstation, the figure remains unreal¬ 
istically low. The actual “loaded” cost 
for a 286 workstation, including ca¬ 
bling, maintenance, training, support, 
physical improvements for central send¬ 
ers, and consulting, can, in some cases, 
exceed $L0,000. This is close to the 
cost for a minicomputer workstation, 
with a portion of the CPU expenses 
factored in. 

Cost calculations for LANs are not 
panicularly straightforward or self- 
evident. The short-term savings of im¬ 
plementing a low-speed topology^ such 
as StarLAN, for example, can be wiped 
out in the long term by losses in pro¬ 
ductivity associated with low applica¬ 
tion performance. 

Market viability. Many firms from di¬ 
verse commercial sectors are seriously 
developing and marketing LANs. These 


manufacturers can be organized into 
no fewer than five classes: 

L. PC-centric firms, including Banyan, 
Microsoft, Novell, and 3Com 

2. IBM and its many value added 
resellers 

3. “Voice vendors,” such as AT&T and 
Northern Telecom 

4. Minicomputer vendors, such as 
DEC, HP, and Prime 

5. Engineering workstation vendors, 
such as Apollo and Sun. 
Minicomputer and workstation 

vendors are included in LAN considera¬ 
tions because the distinctions between 
micro- and minicomputer-based sy^s- 
tems are diminishing. This process is 

C urrent networking solu¬ 
tions from PC LAN vendors 
are in many ways crippled 
by the heritage of an older, 
single-user technology. 


similar to the way in which the distinc¬ 
tions between voice and data sy^stems 
are diminishing, as voice vendors go 
digital and are able to support PCs in 
addition to telephones. 

Standard features on minicomputer 
networks are often what PC LAN ven¬ 
dors wish they could offer. Some mini¬ 
computer vendors, such as Prime, are 
offering 386-platform versions of their 
products that look like high-perfor¬ 
mance file servers, but bring the advan¬ 
tage of terminal support and facile con¬ 
nections to larger, shared processor 
systems. Midrange processors from ven¬ 
dors such as DEC and HP increasingly 
are configured as file sei*vers. These 
minicomputers can support DOS cli¬ 
ents with SMB client/seiwer protocols, 
and, in the case of the DEC VAX, even 
Novell’s netxv^ork core services, running 
as a guest operating system. 

Current solutions from PC LAN 
vendors are in many ways crippled by 
the heritage of an older, single-user 
technology (the 8088 chip and CP/M, 
for example). As a consequence of 
these deficiencies, portions of the PC 
LAN-vendor market share may be swal¬ 
lowed up as the manufacturers of the 
UNIX workstation, minicomputer ven¬ 
dors, and other large computer-manu¬ 
facturing interests bring the ftill weight 
of their distributed technologies to 
bear on the DOS LAN marketplace. 


LANS OF TOMORROW 

Although LANs have matured enough to 
become the business solution for work¬ 
group and departmental sy^stems, the 
industry^ is less than 10 years old. LAN 
standards, product interoperability, and 
vendor stability may take years to de¬ 
velop fully. As the industry^ grows, mar¬ 
ket forces will eliminate many LAN 
products and vendors—the normal 
shakeout in any maturing industry^ 

LAN evaluators should bear in mind 
that the technology they embrace today 
may not be available in years to come. 

Evaluating LANs is an increasingly 
demanding undertaking considering the 
diversity of technologies and die transi¬ 
tional state of the LAN industiy. LAN 
products that offer the best cost/perfor¬ 
mance now may prove less viable in 
the future when issues such as wide 
area interoperability, standardized com¬ 
munications APIs, and networked man¬ 
agement become dominant concerns. 

Computer science has created 
hardware and software advances that 
could provide users with the services, 
dependability^ and performance they 
require now. Yet, a substantial gap 
remains between LAN technologies and 
what users can purchase. 

Although present in many indus¬ 
tries, this effect is particularly evident 
in the computer field where scientific 
research produces advances in technol¬ 
ogy^ much faster than the commercial 
sector can bring them to market. The 
gap betv^een capabilities and delivera¬ 
ble products is particularly acute in the 
PC network field as attempts are made 
to build powerful distributed sy^stems 
out of products based on older single- 
user, single-tasking platforms. 

The solution to this problem must 
lie with the companies that manufac¬ 
ture and market network products. 
Remarkable opportunities exist for 
firms that can adapt to the dynamic 
environment of the LAN industiy by 
delivering innovative products tailored 
to meet changing needs. 

With this in mind, developers 
should be constantly aware of changes 
in the LAN marketplace. Integrators and 
end-user organizations must be equally 
cautious in assessing connectivity^ prod¬ 
ucts. As the LAN industiy matures and 
LANs connections multiply, the best ef¬ 
forts of all computer professionals will 
be required if LANs are to reach their 
phenomenal potential. 1 'liiiiiiHi ^1 


Steven S. King is a tech)iical editor with PC 
Tech Journal, specializing in networks. 
Charles Rose, a network consultant in Wash¬ 
ington, DC, contributed to this article. 
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Microsoft BASIC 60 

CtHiipiler 

Je Mien Sea<^h~ftm Oa 


Child$ : "dirlsortifind " BAS"! 
FileHumber = 5 : 0,000000 j 


’ The child process does: Dj 
Child$ = "dirlsortlfind " *\ 
DIM Directory$(100) ' Strii 

FileNunber = FREEFILE ' Me 
OPEN "PIPE:" ♦ Child$ FOR II 

WHILE NOT EOF(l) ' Loop im 
LINE INPUT HFileNunber, 
NunEntries = NunEntries 

WEND 

ChildDone: " T] 

CLOSE FileNunber ' £ 



The people who co-developed the indus¬ 
try’s most powerful personal computer 
operating system are now proud to announce 
programming languages to match. 

Introducing Microsoft® Macro Assembler 
5.1, C 5.1, Pascal 4.0, FORTRAN 4.1 and 
BASIC Compiler 6.0. 

Five industrial-strength, stand-alone lang¬ 
uages that combine the implementation 
flexibility you’ve enjoyed under MS-DOS® 
(which, of course, they still support) with the 
advanced capabilities you’ve anticipated 
from OS/2. 

Capabilities such as the ability to develop 


large, sophisticated applications which go 
beyond the 640K barrier, taking advantage 
of up to 16MB of RAM, and utilizing the 
potential of today’s microprocessors. 

Just like their MS-DOS predecessors, 
these five new languages are equipped with 
powerful, professional features you work 
with, not around: 

Support of direct calls to the operating 
system, and inter-language calling for mixing 
multiple languages on the same project. 

Access to OS/2 system calls and a full 
complement of utilities, including an 
incredibly fast incremental linker and the 
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CALL pale I 

DO 30 i =1 - 1 

DO 20 y = 1, ynax 

r = (REAL(y)/ynax)»pi*bu 

X = SIN(r) 

radius = radnax » ABS(x) 

DO 10 j = 1, 4 
xoff = xoffs(j) * X 
color = HOD( j+i-1, 3)+l ^ 

CALL iiirror(xcenter, xoff, i 
CONTINUE 


first protected mode programmer’s editor 
that works equally well in real mode. 

Microsoft CodeViewf our popular, 
advanced debugger that lets you untangle 
program logic at the source code level, no 
matter what code you’re using. 

(It even lets you debug protected mode 
programs up to 128MB of virtual memory, 
and larger programs than ever before in 
real mode.) 

As the perfect complement to our new 
languages, we’re also offering the Microsoft 
OS/2 Programmer’s Toolkit. 

It contains a parameter-by-parameter 


breakdown of all OS/2 system calls and 
samples to get you started. 

All the tools you need for turning out 
larger, more powerful, more complex OS/2 
applications. 

(And, incidentally, all the tools we rely on 
for creating our own commercial software.) 

For the name of your nearest Microsoft 
professional languages dealer, simply call 
800-541-1261, Dept. C16. 

Ask him for some more information on 
our OS/2 family. 

He’ll show you some languages you can 
really swear by. 


■:r. 


Microsoft, MS-DOS and CodeView are registered trademarks of Microsoft Corporation. 




























Andnow 
for the strongest 

word in the 
English language: 



The Norton On-Line Program¬ 
mer’s Guide for OS/2 API is the first 
complete on-line manual for OS/2 
programming. 

Instead of thumbing through pages 
of documentation, it’s all there at 
your fingertips with a few simple 
keystrokes. 

Normally it costs S150,but it’s yours 
free when you acquire the Microsoft 
OS/2 Programmer’s Toolkit and one 
of the high level languages listed op¬ 
posite (an upgrade is fine). 
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Please send me my free copy of 
the Norton Guide for OS/2 API. 

I enclose a copy of my dated sales 
receipts and my registration cards* 
The high level language I have 
licensed is (please check): 

□ Microsoft C Optimizing Compiler 
5.10. 

□ Microsoft FORTRAJ^ Optimizing 
Compiler 4.10. 

□ Microsoft Macro Assembler 5.10. 

□ Microsoft Pascal Compiler 4.00. 

□ Microsoft BASIC Compiler 6.00. 


Redeem to: Norton Guide for OS/2 API offer, Microsoft Corporation, 13221 SE 26th, Suite L, Bellevue, WA 98005. 

Name:_ 

Address:_ 

City:_ 


State:. 


Zip:. 


Daytime telephone: ( 

If you have any questions about this offer, call (800) 426-9400. In WA, (206) 882-8088. 


)- 


JMSemso# 


‘Registration cards are not required for upgrades. This offer is only valid in the 50 United States. It is not valid with any other offers, 

and is effective only for purchases from 4/1/88 through 6/30/88.The coupon must be redeemed by 7/31/88. Please allow 4-6 weeks for delivery. 

















Seconds Never Looked So GoodI 


ttract potential customers, distributors, 
and vendors with our tastefully 
designed reprints. Revitalize your arti¬ 
cle with front page coverage from one of the 
world’s leading computer magazines. 

Ziff-Davis reprints are concisely reformatted 
on 80 pound coated paper and printed from full 


color to black and white.* 

To find out how you can have your article 
reprinted, call or write today. 

Jennifer Locke-Reprints Manager, 

Ziff-Davis Publishing Company, One 
Park Avenue, New York, NY 10016, 

(212) 503-5447. 
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STEVEN S. KING 


W ith its release of NetWare 2.1, 
Novell has taken the lead in 
offering the most advanced net¬ 
work operating system software, up¬ 
holding its reputation for delivering 
timely, high-end network products. Ver¬ 
sion 2.1 may not be all things to all 
users, but enhancements such as audit¬ 
ing, virtual consoles, internetwork NET¬ 
BIOS, and intruder protection address 
many local area network (LAN) needs. 

According to the market research 
firm DataQuest, Novell is the largest 
supplier of PC network operating sys¬ 
tems, with a 1987 market share of 50 
percent. 3Com Corporation was the 
closest competitor with 15 percent, and 
IBM had a 10-percent share. Although it 
has suffered growing pains like any 
fast-expanding company, Novell has 
great influence on developers and end 
users. This is an influence hard won by 
the company’s attention to advancing 
technology, on-going educational activi¬ 
ties, and widely available literature. 

This popularity has translated into 
a phenomenal growth rate for the com¬ 
pany. In 1984, Novell’s second year of 
operation since incorporation, gross 
sales of netw^ork products totaled 
nearly $20 million. Sales for 1988 will 
exceed $200 million, based on first- 


quarter earnings in excess of $50 mil¬ 
lion—a tenfold increase in five years. 

Perhaps another reason for 
Novell’s success is a shift in product 
orientation. In die past, as much as 75 
percent of revenues was generated by 
hardware, but current hardware sales 
account for only about 45 percent of 
the total. This change is the result of a 
corporate goal to move toward a soft¬ 
ware-oriented revenue base. Novell’s 
future software/hardware ratio is pro¬ 
jected at 70/30, says Craig Burton, vice- 
president of corporate development. 

NetWare 2.1 belongs to a family of 
LAN products from Novell that includes 
network gateways, database server soft¬ 
ware, file servers, network interface 
boards, communications software, and 
application program interfaces (AI^ls). 
The software reviewed in this article is 
System Fault Tolerant (SFT) NetWare 
2.1. SFT versions of NetWare protect 
users against network failures using 
duplicate drives, directory structures, 
disk controllers, and so on. NetWare 
2.1 was initially released only in its Sys¬ 
tem Fault Tolerant version. 

Originally developed for a long- 
defunct Z80 file server, NetWare has 
been ported to the Motorola 68000 and 
Intel 8086 families. Currently it is most 


prevalent on 80286- and 80386-class 
servers (in l6-bit mode), with a sub¬ 
stantial base of 68000 servers. Novell’s 
effort to port NetWare to the 32-bit 386 
architecture is under way. 

NetWare 2.1 supports PCs running 
DOS 2.x and 3.x, but Novell’s long-term 
goal is to service DOS, OS/2, Macin¬ 
tosh, and UNIX systems in a multiven¬ 
dor environment. (Software for inter¬ 
facing OS/2 workstations with NetWare 
seiwers is in beta test.) Novell is not 
alone in striving for heterogeneous 
support of many operating systems on 
one network; several vendors are de¬ 
veloping multiprotocol platforms, but 
major products of this xype will not be 
widely available until late 1988 or 1989. 

NetWare is traditionally associated 
with support for many different 
topologies. In the early stages of the 
LAN industr^G when most IAN vendors 
supported only one topology, Novell’s 
multiple-topology architecture was a 
major attraction for resellers and end 
users (see “NetW^ire in Control,” Art 
Krumrey, November 1985, p. 102). 

Today, support for multiple 
topologies is not remarkable, due in 
part to wide acceptance of a few access 
methods—primarily Ethernet, ARCnet, 
StarlAN, and Token-Ring. As topologies 


58 


PC TECH JOURNAL 







IMAGE-FOUR HY FIVE PHOTOGRAIM lY-.lOMN LEI 


NetWare 2.1 delivers 
networkingfeatures 
and administrative 
services that should 
promise it a long and 
useful life cycle, even 
as the LAN industry 
progresses steadily. 


have matured, Novell has remained a 
force in the industry by aggressively 
developing the client services and APIs 
of its file-server software. 

The Novell philosophy of network¬ 
ing places a high value on PC-oriented 
distributed architectures. This philoso¬ 
phy applies not just to distributed pro¬ 
cessing on PC stations, but also to dis¬ 
tributed network services on special¬ 
ized serv^ers. With this approach, com¬ 
munications services such as 3270 gate¬ 
ways and modem servers are placed on 
separate nodes. This can mean an ex¬ 
cessive number of servers, but die 
payoff is that communications server 
crashes do not affect file services. 

MODEL PERFORMER 

NetWare’s network services fit well into 
a widely used model for a distributed 
system that identifies sender and client 
as the two priman^ network functions. 
Servers are network nodes that provide 
services to clients (end-user stations). 
The client-server model does not pre¬ 
clude client and server functions from 
running in the same node. 

The NetWare architecture lends it¬ 
self well to a centralized management 
scheme. A NetWare supervisor manages 
the file server and its resources, and 
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The extensive NetWare 2.1 documentation is well organized, and, for novice and 
seasoned administrators alike, Novell provides a Guide To Manuals manual. 


has system-wide privileges, including 
access to all files, directories, printers, 
and administrative functions. 

NetWare clients access file servers 
by loading network interface software 
into low memory. The module that in¬ 
teracts with DOS is the NetWare shell. 
Figure 1 is a diagram of the shell and 
other client software components. The 
shell traps calls made by applications 
and redirects them to a NetWare server. 

The most substantial element of 
Novell’s technology is the NetWare pro¬ 
prietary^ network operating system 
(NOS). It provides the low-level rou¬ 
tines that manage the processor, mem- 
or\^ and I/O channels. Although Net¬ 
Ware performs hardware management 
routines similar to DOS and UNIX, it is 
more highly optimized for network 
operations. DOS is not present on Net¬ 
Ware dedicated servers and runs only 
as a guest on nondedicated servers. 

NetWare supports multiple server 
configurations on a single LAN and in¬ 
terconnection of multiple LANs on a 
single site, with links to remote sites 
established through leased or switched 
communication lines. 

CONNECTION SERVICES 

Security on NetWare servers is excel¬ 
lent. The proprietary^ nature of the op¬ 
erating sy^stem and file structures 
makes unauthorized file access difficult. 
Because Novell drives are not DOS- 
formatted, DOS utilities cannot be used 
at the serv^er to copy or extract data 
from them. 

Clients who require NetWare ser¬ 
vices must first connect to a server via 
login. The SLIST utility^ lists the names 
of active NetWare servers on the cli¬ 
ent’s LAN and other connected LANs. 
Under NetWare 2.1, logins can be re¬ 
stricted to certain times of the day, and 
a user attempting to log in during a 
restricted period is denied access. 

Each NetWare station has a plwsi- 
cal network address associated with its 
nework interface card. The supervisor 
can restrict a user to logins at specific 
stations as determined by the phy^sical 
nework address. The system has one 
loophole, at least for the sa\vv^ user. 

The network address can be changed 
in the driver software on some net¬ 
work boards—Token-RiiTg, for example. 

Once a server has been selected, 
the client runs a login utility that ac¬ 
cepts a user name and password, then 
authenticates client access rights by 
querying a security database on the 
server called the bindery. 

Each NetWare server has a bind¬ 
ery', providing a central repository^ for 


administrative and security information 
relating to all network resources. The 
bindery^ maintains entries for network 
entities, such as user, file seiv^er, print 
server, print queue, and group. 

The entities in the bindery are 
called objects. The attributes of objects, 
also recorded in the bindeiy, are called 
properties. Properties are comprised of 
data such as passwords, internetwork 
addresses, and other identification data. 
The bindery' files store as many as 
65,000 objects and properties in a se¬ 
cure directory^ on each server. Opera¬ 
tions accessing file-serv^er resources 
such as files and print queues consult 
the bindery^ for security information. 

Because all logins are verified with 
a check of the bindery^ NetWare servers 
are generally safe from illegal logins. 
Passwords passed from client to server 
are encrypted at the workstation. En¬ 
cryption defeats attempts at listening 
for passwords on the network cable 
with a device such as The Sniffer from 
Network General (see “Analyzing Net¬ 
work Traffic,” J. Scott Haugdahl, Octo¬ 
ber 1987, p. 48, for a review). 

niE SERVICES 

NetWare enhances DOS with additional 
file attributes and security, thus provid¬ 
ing better control over files and direc¬ 
tories. NetWare enhancements include 
255MB disk-volume sizes, a maximum 
32,000 directoiy entries per volume, 
and 1,000 concurrent open files per 
serv^er. Novell provides support for 
large servers—up to 32 drives, 3GB of 
storage, and 12MB of sy^stem I AM. 

The files and directories of a Net¬ 
Ware disk volume are located in one 
directory^ structure. This directory^ struc¬ 
ture can grow quite large, containing 
thousands of subdirectories and tens of 
thousands of files, without becoming 


disorganized. The NetWare approach is 
similar to the UNIX file system in this 
respect, except that UNIX systems allow 
directory structures to .span drives 
(Novell does not). 

NetWare extends the usefulness of 
its file sy^stem by allowing clients to 
assign any subdirectory to any drive 
designator from A: to Z;, using the Net¬ 
Ware MAP utility. MAP works similarly 
to DOS SUBST. With the exception of 
diskless computers, client stations re¬ 
quire the first few drive designators for 
local drives—A:, B:, C:. NetWare drive 
designators normally begin after the 
local drives, using drives F; through Z: 
for network drives. If necessary^ all 26 
drive designators from A: to Z: can be 
simultaneously assigned to a different 
subdirectory^ in the directory sy^stem. 
Searching for data. NetWare allows mul¬ 
tiple search directories, similar to DOS 
PATM. Users can designate as many as 
16 drives on a client station as search 
drives. Directories assigned to a search 
drive are searched when DOS looks for 
.EXE, .COM, and .BAT files to execute. 
NetWare also checks search directories 
during any file-open operation (like 
DOS APPEND) when the file is not 
found on the default drive. 

File attributes. NetWare supports 10 
general-purpose file attributes that can 
be set from the command line using 
the FLAG command, or with FILER, 
NetWare’s file-management utility. FILER 
lets users copy, move, rename, and de¬ 
lete any files or directories to which 
they' have access, and on any server. 
FILER reports file syAStem information 
such as file attributes, file creator, re¬ 
maining bytes of storage, and remain¬ 
ing directory^ entries. 

NetWare file attributes are a super¬ 
set of DOS file attributes and include 
read-only, read-write, shareable, non- 
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shareable, hidden, archive, system, in¬ 
dexed, execute-only, and transactional. 

Shared program files are usually 
set to shareable, read-only in the Net¬ 
Ware environment. Files opened with 
the DOS extended open mode (deny- 
none) can be accessed concurrently by 
multiple users, regardless of their Net¬ 
Ware file attribute; the DOS open 
modes take precedence. 

NetWare builds a file allocation 
table (FAT) for the entries of files with 
the index attribute set. This is espe¬ 
cially useful for large files whose FAT 
pointers take excessive time to search 
sequentially. Indexed FAT lookups take 
place in a fraction of the time required 
for a nonindexed FAT. Novell recom¬ 
mends FAT indexing for files of 10MB 
or more. Each FAT index (one per file) 
requires 1KB of RAM in the server and 
can be shared by multiple clients ac¬ 
cessing the same file. 

An execute-only attribute provides 
copy protection for applications run¬ 
ning on NetWare servers; it specifies 
that a file may be opened for execu¬ 
tion, but may not be copied. Files with 
.EXE and .COM extensions are assigned 
the execute-only attribute by the net¬ 
work supervisor. NetWare implements 
this feature by allowing the command 
processor—and no other process—to 
open execute-only files. This works fine 
for programs that do not open their 
executable file after load time. Unfortu¬ 
nately, programs that need to read 
their executable file after loading will 
not run with the execute-only attribute. 
Trustee and directory rights. NetWare 
supports a highly structured system of 
user access rights in its file system. 

Users may have rights to any directory 
or group of directories, depending on 
their needs. NetWare directory access 
rights are stored as fields embedded in 
the directory tables and do not exist as 
separate files that could be tampered 
with. Because the rights are built into 
the file system, NetWare can ensure 
they are verified during every file oper¬ 
ation. Many of the access restrictions 
regard the directory as the basic unit of 
security. To access the files in a direc¬ 
tory, a user must be assigned trustee 
rights to the directory. 

NetWare users cannot list the file 
names in a directory without trustee 
rights. An attempt to list files without 
rights will return “file not found.” 
However, users can view the directory 
names for any directory on the system 
with or without rights. Considering tliat 
directory names themselves may have 
significance, this may be undesirable. 
Ideally, users who have no rights to a 


directory should see neither file nor 
subdirectory names. 

As part of its system for fault toler¬ 
ance, NetWare maintains duplicate di¬ 
rectory structures for each disk volume. 
To ensure data integrity, directories are 
verified each time the system is initial¬ 
ized, and if a FAT is corrupted, a back¬ 
up copy is available. 

PRINT SERVICES 

File services are of limited usefulness 
without ample print services. The Net¬ 
Ware 2.1 print services support features 
normally associated with larger sys¬ 
tems—support for multiple printers, 
print queues, print job configuration 
utilities, remote printer consoles, and 
multiple print console operators. 

Unfortunately, NetWare does not 
support dedicated print servers or 
shared printers on client stations. Al- 

A/ the core of Novell tech¬ 
nology is the NetWare pro¬ 
prietary network operating 
system, which is highly 
optimized for LANs. 


though clients can print to their own 
local printers, NetWare 2.1 requires that 
all shared printers be connected to the 
file server. This limits the number of 
shared printers to five for AT-type serv¬ 
ers and may also restrict their location, 
considering a cable must run from 
each printer to the file server. 

Novell has encouraged third-party 
vendors to develop print servers, and 
many enhancements to NetWare print 
services are available. Brightwork Soft¬ 
ware (formerly Westcon Associates), for 
example, makes PS Print, a system for 
Novell LANs that increases the number 
of shared printers witli dedicated and 
nondedicated print servers. 

The user can submit print jobs in 
several ways. The NetWare shell can 
capture print output from applications 
and redirect it to network printers on 
tlie server. Output for LPTl, LPT2, or 
LPT3 can be redirected. Alternatively, 
applications that are written for Net¬ 
Ware, such as WordPerfect, can make 
NetWare extended function calls that 
send print jobs directly to the server, 
bypassing DOS print services. With a 
third method, users may send files for¬ 
matted for printer output from the 


command line using the NPRINT com¬ 
mand, which prints one or more print 
files to a designated printer on any ac¬ 
cessible server. 

NetWare extends its file-server se¬ 
curity scheme to the print queues and 
printers. Users must be given,access 
rights to each print queue they access. 
Queue access rights, incorporated in 
the bindery, are strictly enforced. 

The improvements in NetWare 2.1 
print services are impressive, but ide¬ 
ally tlie queue and job management 
functions should be written into appli¬ 
cations such as word processors and 
databases. Many of the 2.1 print fea¬ 
tures are new to NetWare and have not 
yet been widely incorporated into net¬ 
work applications. Because Novell’s 
print service function calls are specific 
to NetWare, developers must customize 
their software to NetWare, or users will 
be forced to exit their application to 
manage print services. 

COMMUNICATIONS SERVICES 

Altliough NetWare’s strengths are con¬ 
centrated in its file, print, and adminis¬ 
trative services, some communications 
services are included with version 2.1 
as well. Its most basic form of commu¬ 
nication is the SEND utility. SEND is 
invoked from the command line and 
sends a one-line message from one sta¬ 
tion to another. Messages can be sent 
to a single user, a group of users, or 
ever>^one logged onto the LAN. For 
most intra-LAN communications needs, 
though, SEND is too rudimentary. 

Novell also supplies an electronic 
mail (E-mail) program with NetWare 
2.1; it supports some useful features, 
but is awkward for the average user. 
Novell has made no enhancements to 
the program in recent versions and 
says it will not develop this package 
further. Full-featured E-mail products 
from third-party vendors are available 
for Novell LANs (see “E-Mail Arrives,” 
Parts 1 and 2, Steven S. King, April 
1988, p. 106 and May 1988, p. 118). In 
addition, Novell markets Action Tech¬ 
nology’s Coordinator, which provides 
E-mail and other work-group produc¬ 
tivity services. 

Gateways and modem servers. Several 
products for wide area communications 
may be purchased separately from 
Novell. Products compatible with Net¬ 
Ware 2.1 include gateways to IBM 3270, 
IBM 5250, and X.25 environments. 
These products are developed by CXI 
Inc., a company recently acquired by 
Novell. A NetWare Asynchronous Com¬ 
munication Server (ACS) furnishes net¬ 
work users with a pool of shared mo- 
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In a typical NetWare protocol stack, applications can make calls (indicated by arrows) to various system and communication 
layers. On the client side, an application calls DOS, NETBIOS, IPX/SPX, or the NetWare shell. The server stack includes a 
third-party value-added process running in the server to supplement the NetWare Core Services. 


dems, eliminating the need for every 
station to have its own. The server runs 
in a dedicated PC and supports as 
many as 12 modems on a single net¬ 
work node. 

Clients of the ACS run a program 
called ASCOM, from Dynamic Micro¬ 
processor Associates, that directs com¬ 
munications data through the network 
to the ACS, where it is forwarded to an 
available modem. The ports on the ACS 
also can be hard-wired to local hosts 
that support asynchronous communica¬ 
tions. Outgoing ACS sessions emulate 
terminals from companies such as Digi¬ 
tal Equipment Corporation (DEC), Tele- 
Video, and Hewlett-Packard (HP). The 
ASCOM user interface is very different 
from the interface to the NetWare ad¬ 
ministrative utilities, and nontechnical 
users may find it difficult to learn. 

Numerous third-party vendors 
offer communications products for Net¬ 
Ware, including X.25 and 3270 gate¬ 
ways, modem-sharing software, high¬ 
speed bridges, and wide area messag¬ 
ing systems. Although each product in¬ 
troduces a new user interface and can 
require substantial integration efforts, 
they are valuable because they meet 
needs that Novell (or any single com¬ 
pany) cannot meet by itself. 

ADMINISTRATION ADVANCES 

With the NetWare administration utili¬ 
ties, the supervisor establishes user ac¬ 
counts and manages server resources, 
such as printers and the file system. 
Administration is one of several areas 
in which Novell strives to provide the 


advanced management features found 
on minicomputers and mainframes. 

The execution of these features is 
sometimes rudimentary, but should 
improve as suggestions from users are 
incorporated. 

SYSCON. This is the one utility used 
most by NetWare supervisors for man¬ 
aging user accounts, billing, security, 
and adjusting parameters affecting 
workstation initialization and server 
access. SYSCON queries and updates 
the security data in the bindery in the 
course of its management activities. A 
user’s account stores login name, login 
restrictions, login password, full name, 
group affiliations, disk-space allocation, 
and other accounting information. 

Limiting disk usage is one of die 
most important new administrative fea¬ 
tures of SET 2.1. In previous versions, 
NetWare allocated disk space to all 
users in an unrestricted manner. One 
user could fill the entire disk volume, 
unintentionally or otherwise. The new 
disk-limit feature is invaluable for sys¬ 
tem administrators plagued by users 
who do not archive and delete files. 
Disk space limits put a ceiling on each 
user’s storage that can be designated 
individually or across an entire system. 

As important as it is, the new fea¬ 
ture is implemented somewhat oddly— 
it can be enabled only during the gen¬ 
eration of the operating system. And 
worse, when a system-wide, disk-space 
limit is set as a default, the restriction 
affects only those user accounts made 
after the limit is set. This implementa¬ 
tion will make it difficult for system 


managers to change their minds about 
the optimum disk-space limits because 
a changed limit will apply only to new 
accounts. Consequently, most supervi¬ 
sors will set limits individually. 

One of SYSCON’s primary func¬ 
tions is resource accounting. It en¬ 
ables the supervisor to allocate sys¬ 
tem resources and bill for their use. 
System resources are identified as disk 
block reads, disk block writes, connect 
time, disk storage, and service requests. 
The billing function is based on a mon¬ 
etary charge that is set for each user. 
These charges can vary within time 
ranges for each day of the week— 
higher for peak traffic periods and 
lower for other times. In tlie account¬ 
ing charge screen shown in photo 1, 
higher charges have been entered for 
business hours and lower charges for 
weekends and evenings. 

Charge figures are entered into 
the SYSCON entry screen, which ac¬ 
cepts integers, but not decimals. This 
may be frustrating for end users, be¬ 
cause charge values are normally in 
fractions of a cent for operations such 
as block reads and service requests. 

The charge rates can be set dynamically 
by the supervisor and converted to dol¬ 
lars and cents external to the system. 
Multiplier and divisor figures may be 
entered to achieve better precision. 

When charges are set, each user’s 
account is assigned a credit balance, 
which is debited each time system re¬ 
sources are accessed. When the user’s 
credit limit is exceeded, access is sus¬ 
pended (gracefully) until the supervisor 
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assigns more credit. The accounting 
system can allow the user a grace pe¬ 
riod so that system continues even after 
the credit limit is exceeded. 

As might be expected in a first re¬ 
lease, accounting reports are minimal 
in NetWare 2.1. The accounting data 
are stored in files in the supervisor’s 
directory. The two utilities provided do 
minimal reporting: PAUDIT dumps the 
entire contents of the audit log to the 
screen, sequentially, and ATOTAL pro¬ 
duces a summary report of resources 
utilization, by day and week. Neither of 
these reports is sufficient for a detailed 
analysis of file-server usage. Novell ad¬ 
vises end users and independent soft¬ 
ware developers to write programs to 
format and output the NetWare ac¬ 
counting data. 

The intruder lockout function 
tracks the number of login attempts 
with incorrect passwords. The supervi¬ 
sor can set a threshold of sequential 
unsuccessful attempts that trigger in¬ 
truder lockout. When lockout occurs, 
the account is disabled and further 
login attempts are denied—with or 
without the correct password. The du¬ 
ration of the lockout, generally 10 to 
20 minutes, is set by the supervisor. 
Incidents of unsuccessful login attempts 
are reported for each user account. 

This type of security is often found 
on large, centralized systems. It foils 
intruders who attempt break-ins using 
software that automatically generates 
large numbers of login attempts, each 
with different passwords. NetWare 2.1 
also allows an account to be disabled 
temporarily when a user is away for a 
period of time. The supervisor also can 
set an account expiration date for any 
account with a limited lifetime. 

NetWare password-management 
functions have improved considerably 
with version 2.1. Users still create their 
own passwords, but the supervisor de¬ 
termines the minimum number of 
characters in a password. The new 
password system can require that users 
change their passwords periodically 
and always use a unique password. 
FCONSOLE. NetWare’s new virtual con¬ 
sole utility, FCONSOLE, provides a 
wealth of realtime statistics for system 
servers. Statistics are reported on file- 
server components, such as disk 
caches, disk channels, file system, trans¬ 
action tracking, and packet delivery. 
Running totals of file-server operations 
are kept for each of these areas. 

Photo 2 shows tlie File Server Sta¬ 
tistics Summary screen, one of many 
screens in the FCONSOLE system. 

These summary statistics give an indica¬ 


tion of the effectiveness of the file serv¬ 
er’s operations—for example, the per¬ 
centage of cache hits is a good mea¬ 
sure of system response time. If the 
file-cache hit percentage is low (below 
80 percent), the system is going to disk 
too often and additional server mem¬ 
ory may be required. Depending on 
the type of file I/O, 90 percent or more 
of NetWare disk requests can be ser¬ 
viced from cache memory. 

Cache buffers are 4KB each; any 
system RAM left after the operating sys¬ 
tem is loaded is automatically allocated 
to file caching. In the summary screen 

\nternetworking capability 
is built into the NetWare file, 
print, and administrative 
services. Bridges are located 
in servers or dedicated PCs. 


(photo 2), the server has 1,149 cache 
buffers—more than 4MB of cache 
memory. NetWare servers supporting 
disk-intensive applications can support 
6MB or more total cache space. 

The three dynamic memory pools 
on the bottom of the screen store op¬ 
erating system tables ±at track active 
drives, directory handles, connections, 
and so on. The Current-Server-Utiliza¬ 
tion figure at the top of the screen is a 
measurement of system idle time; a 
higher percentage indicates less idle 
time, hence higher utilization. 

A NETWORK OF NETWORKS 

Internetworking capability is built into 
the NetWare file, print, and administra¬ 
tive services. NetWare can interconnect 
LANs via bridges in file servers or dedi¬ 
cated PCs. A NetWare bridge is the 
equivalent of a router in Open System 
Interconnection (OSI) terminology and 
operates at the network level (the third 
layer of the OSI model). 

NetWare bridges are managed by 
router software that knows the ad¬ 
dresses of other routers on the inter¬ 
network. Router software blocks pack¬ 
ets that do not need to pass through a 
bridge, based on the address header in 
each packet. A single bridge may con¬ 
nect a maximum of four similar or dis¬ 
similar networks. For example, a num¬ 
ber of servers, each supporting its own 
local ARCnet, can be connected with a 
high-speed Ethernet backbone. In this 


configuration, router software on serv¬ 
ers directs packets into the backbone 
only if necessary. 

NetWare has an enormous capacity 
for combining dissimilar topologies. 

The network drivers diagrammed in 
figure 1 are the only software that var¬ 
ies between topologies; the higher-level 
protocols remain the same. Mixing dis¬ 
similar topologies sometimes makes 
networks more difficult to diagnose 
and maintain, but is more cost effective 
than running high bandwidth links to 
every station. 

A NetWare bridge or server can 
accommodate four network adapters, 
but some board combinations conflict 
and force this number lower. For ex¬ 
ample, up to three 3Com 16-bit 3C505 
boards can be configured in a bridge 
or server, but 3Com’s 8-bit 3C501 
boards yield only two nonconflicting 
interrupt settings. IBM Token-Ring 
boards must be strapped as primary or 
secondary, so two, at most, are sup¬ 
ported in one machine. One workable 
configuration of four boards would be: 
two Standard MicroSystem ARCnet 
cards, one Token-Ring board, and one 
3Com 3C505 board. A server accommo¬ 
dating this arrangement would support 
two independent ARCnet networks, a 
Token-Ring, and an Ethernet. 

The usefulness of multiple cards in 
a server increases as the speed of the 
cards decreases. Low-speed cards throt¬ 
tle the server, delivering a network 
bandwidth that is less than the maxi¬ 
mum available throughput of the 
server. See the sidebar “Consistent Per¬ 
formance” on page 70 for details. Be¬ 
cause of their high throughput, Net¬ 
Ware servers are particularly suscepti¬ 
ble to throttling. Adding cards to a 
server in this case allows the server to 
reach its maximum throughput. 

For higher-speed boards, such as 
Ethernet, adding boards does not in¬ 
crease server throughput because a sin¬ 
gle board delivers a bandwidth that 
exceeds server throughput. 

NetWare remote bridges connect 
networks on different sites with voice- 
grade-or-better telephone connections. 
They were sold separately in previous 
versions, but are bundled with the op¬ 
erating system in NetWare 2.1. 

Like Banyan and 3Com, Novell 
supports bridges in its file servers; but 
unlike those vendors, Novell does not 
recommend its file-server bridges for 
demanding applications because they 
degrade the performance of file and 
print services. Although NetWare’s file- 
server performance is at the top of its 
class, Novell has not integrated the 
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Announcing 

the latest 
(BASE upgrade. 



I f you can’t wait for a new version of dBASE to 
come out, you don’t have to. Because now, 
there’s the Quicksilver™ Diamond Release. A com¬ 
piler that gives the dBASE world what it’s been 
waiting so long for. 

The next generation of the dBASE language. 
Which shouldn’t be too surprising. After all, 
WordTech Systems has long been the leader in 
bringing improvements to dBASE. With features 
like the first true Avindowing. VALID. User De¬ 
fined Functions. And true native code compiling, 
for blazing speed. 

Now, with the Quicksilver Diamond Release, 
dBASE has been expanded like never before. 

New capabilities include a long list of extend¬ 
ed language features. like a new GRAPH FORM 
command that lets you create graphs and charts 
from your data. Plus the ability to export graphs 
and data to a format that works directly with desk- 


tq) publishing packages like Xerox 
Ventura Publisher™ There are 
multi-dimenaonal arrays, for easier, 
more sophisticated memory 
variable management. And ON 
EVENT/SET EVENT commands 
for communications multitasking, 
like sorting a database while you 
receive a modem transmission. 

What about networking? 

With WordTech’s all new 
Networker Plus™, you can run 
Quicksilver compiled programs 
and dBASE III Plus™on the same 
network, at the same time. 

That’s not all. Quicksilver lets 
network users know who has data locked, and lets 
them send a message requesting its release. In 
fact, users can send any message, including exact 
copies of screens, to anyone on the network. If 
data has been changed, edit sensing lets you 
know—it even tells you who changed it. And with 
Quicksilver’s distributed processing feature you 
can send projects off to unused workstations. 

The Quicksilver Diamond Release runs on 
DOS 3.1, and compatible networks. And it runs 
around $599. Your software store or computer 
dealer has more information. Or give us a call. 

And see why this is the one dBASE upgrade 
you’ll be glad you waited for. 


msym 

WORDTECH 5Y5TEM5 


WordTech Systems, Inc. P.O. Box 1747, Orinda, CA 94563 (415) 254-0900 Fax: (415) 254-0288 Telex: 503599 

Not copy protected. Networker Plus is a trademark of WordTech Systems, Inc. Quicksilver is a trademark of Quicksilver Software, Inc. licensed to WordTech Systems, Inc. 
dBASE and dBASE III Plus are trademarks of Ashton-Tate. Xerox Ventura Publisher is a trademark of Xerox Corporation. 
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PHOTO 1: Accounting Charge Screen 
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This charge rate screen is part of the new NetWare 2.1 
accounting services. It specifies the charge rate for each 
disk block read by user SSK. Rates have been set higher 
during peak business hours. The actual charges for server 
access are given in integer values and converted to dollars 
and cents external to the accounting system. 


PHOTO 2: FCONSOLE Server Statistics 
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The top part of this screen supplies the NetWare supervisor 
with realtime traffic and usage statistics for the ffie server. 
The bottom of the screen gives server maximums, as they 
were set when the operating system was generated, and the 
degree to which these maximums are being approached 
(Peak Used and Currently In Use). 


low-speed communications necessary 
for wide area networking. 

When possible, the NetWare bridge 
should be a dedicated PC. However, 
nondedicated PCs are also supported 
and require 160KB of memory for 
bridge software; if a user hangs a non¬ 
dedicated bridge, remote sessions sup¬ 
ported by the bridge will be termi¬ 
nated, with possible data loss for all 
involved. NetWare remote bridges can 
be synchronous or asynchronous and 
use one or two modems connected to 
COMl and COM2. Modem speeds 
range from 1,200 bits per second (bps) 
to 19.2 Kbps, making high-speed linfe 
with modems such as the Telebit Trail- 
Blazer possible. 

Bridges that connect remote net¬ 
works run in two modes. With perma¬ 
nent mode, the bridge connection is 
maintained at all times. In timed mode, 
a connection is created when it is re¬ 
quested by a user. Timed bridge links 
are automatically disconnected after a 
predetermined number of minutes, 
from 1 to 59. 

Synchronous bridges also are sup¬ 
ported in NetWare 2:1, but require the 
additional purchase of a high-level data 
link control (HDLC) board. Synchro¬ 
nous remote bridges run at maximum 
speeds of 64KB per second and can 
take advantage of X.25 packet-switching 
networks and leased lines. 

PROTOCOL LAYERS 

In a break from earlier versions of Net¬ 
Ware, version 2.1 network drivers are 
not linked into the workstation’s shell. 
The shells are now in a separate exe¬ 


cutable file, and the subnetwork soft¬ 
ware, IPX/SPX (internet packet ex¬ 
change/sequenced packet exchange), 
links to the driver and is loaded from a 
file called IPX.COM (see figure 1). An 
exception to this procedure is IBM 
Token-Ring, which requires the manu¬ 
facturer’s driver loaded in addition to 
IPX.COM. Novell does not support an 
802.2 ULC layer for its Token-Ring, 
Ethernet, and StarLAN drivers; drivers 
interface indirectly with the IPX/SPX 
module. This means programmers can¬ 
not write to a common link layer for 
802 topologies. 

IPX corresponds to the OSI net¬ 
work layer and supports internetwork 
routing and nonguaranteed packet de¬ 
livery. SPX, which corresponds to the 
OSI transport layer, enhances IPX ser¬ 
vices with packet sequencing and guar¬ 
anteed packet delivery. Both of these 
protocol layers are derivatives of the 
Xerox Network Systems (XNS) internet¬ 
work protocol specification. 

The NetWare shell uses only IPX 
services to communicate with the file 
server because shell processes have 
their own internal retry and error- 
recovery routines. SPX is not used by 
the shell and is loaded at the worksta¬ 
tion to provide client applications with 
a transport layer interface. Client appli¬ 
cations require SPX guaranteed delivery 
and flow control when they communi¬ 
cate with nodes that have long or un¬ 
predictable response times, such as 
communication gateways and database, 
optical-disk, or archive servers. 

Novell has implemented a 
NETBIOS emulator for interprogram 


communications, on top of IPX proto¬ 
cols. Applications use NETBIOS services 
to conduct interprocess communication 
with other NetWare nodes only. NET¬ 
BIOS protocols from other vendors use 
different subnet components and are 
not compatible. 

Prior to version 2.1, the NetWare 
NETBIOS emulator did not support in¬ 
ternetworking. This meant that 3270 
gateways and other NETBIOS-based 
servers could not be reached through 
internetwork bridges. NetWare 2.1 adds 
this support, but with some qualifica¬ 
tions. NETBIOS was designed for single 
LANs, not large internetworks. To regis¬ 
ter a name, NETBIOS must broadcast 
the name to all nodes to check for 
uniqueness. The traffic associated with 
broadcasts to all nodes on large inter¬ 
networks is excessive and monopolizes 
the network. 

Early versions of Novell’s NETBIOS 
emulator avoided the broadcast prob¬ 
lem by blocking broadcasts at bridges 
(NetWare routers). NetWare 2.1 com¬ 
promises by initially letting broadcasts 
pass through bridges to establish a ses¬ 
sion, but it does not allow broadcasts 
after a session has been established. To 
avoid congestion of remote links, Net¬ 
Ware routers block NETBIOS broad¬ 
casts at low-speed bridges at all times. 

Although NetWare NETBIOS checks 
for name uniqueness when initializing, 
there is one situation in which identical 
names may exist on an internetwork. 
Two unconnected networks may have 
identical NETBIOS names established 
and become connected at some later 
time. If this happens, communications 
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ARCHITECTURE If the micro world were 
not so varied, QNX would not be so suc¬ 
cessful. After all, it is the operating system 
which enhances or limits the potential 
capabilities of applications. QNX owes its 
success (over 55,000 systems sold since 
1982) to the tremendous power and flexibility 
provided by Its modular architecture. 

Based on message-passing, QNX is radi¬ 
cally more innovative than UNIX or OS/2. 
Written by a small team of dedicated 
designers, It provides a fully integrated 
multi-user, multi-tasking, networked oper¬ 
ating system in a lean 148K. By comparison, 
both OS/2 and UNIX, written by many hands, 
are huge and cumbersome. Both are ex¬ 
amples of a monolithic operating system 
design fashionable over 20 years ago. 

MULTI-USER OS/2 Is multi-tasking but 
NOT multi-user. For OS/2, this inherent 
deficiency is a serious handicap for ter¬ 


minal and remote access. QNX is both 
multi-tasking AND multi-user, allowing up 
to 32 terminals and modems to'connect to 
any computer. 

INTEGRATED NETWORKING Neither 
UNIX nor OS/2 can provide integrated 
networking. With truly distributed pro¬ 
cessing and resource sharing, QNX makes 
all resources (processors, disks, printers 
and modems anywhere on the network) 
available to any user. Systems may be 
single computers, or, by simply adding 
micros without changes to user software, 
they can grow to large transparent multi¬ 
processor environments. QNX Is the main¬ 
frame you build micro by micro. 

PC’s. AT’s and PS/2’s OS/2 and UNIX 
severely restrict hardware that can be used: 
you must replace all your PC’s with AT’s. In 
contrast, QNX runs superbly on PC’s and 
literally soars on AT’s and PS/2’s. You can 


run your unmodified QNX applications on 
any mix of machines, either standalone or 
in a QNX local area network, in real mode 
on PC’s or in protected mode on AT’s. 

Only QNX lets you run multi-user/multi- 
tasking with networking on all classes of 
machines. 

REAL TIME QNX real-time performance 
leaves both OS/2 and UNIX wallowing at 
the gate. In fact, QNX is in use at thousands 
of real-time sites, right now. 

DOS SUPPORT QNX allows you to run 
PC-DOS applications as single-user tasks, 
for both PC’s and AT’s in real or protected 
mode. With OS/2,128K of the DOS 
memory is consumed to enable this facility. 
Within QNX protected mode’,'a full 640K 
can be used for PC-DOS. 

ANY WAY YOU WANT IT QNX has the 
power and flexibility you need. Call for 
details and a demo disk. 




C Compiler 
Flexibility 


THE ONLY MULTI-USER, MULTI-TASKING, NETWORKING, REAL-TIME OPERATING SYSTEM FOR THE IBM PC, AT, PS/2, 

THE HP VECTRA, AND COMPATIBLES. 


10 (32) serial terminals per PC (AT). 
64 (150) tasks per PC (AT). 

2.5 Megabit token passing. 

255 PC’s and/or AT’s per 
10,000 tasks per network. 
Thousands of users per network. 
2,800 task switches/sec (AT). 

Fast intertask communication 
between tasks on any machine. 


ndard Kernighan and Ritchie. 

Single PC, networked PC’s, 
single PC with terminals, 
networked PC’s with terminals. 
No central servers. Full sharing 
of disks, devices and CPU’s. 

-DOS runs as a QNX task. . ‘ 
US$450. 

.^..ntime pricing available. 


For further information ora free demonstration 
diskette, please telephone (613) 591-0931. 




Quantum Software Systems Ltd. • Kanata South Business Park *175 Terrence Matthews Crescent * Kanata, Ontario, Canada • K2M1W8 


UNIX is a registered trademark of AT & T Bell Labs. IBM. PC. AT, XT and PS2. PC-DOS and 0a2 are trademarks ot International Business Machines HP and Vectr a are registered trademarks of Hewlett-Packard Company • 
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can become unpredictable. This is not 
so much a Novell problem as a 
NETBIOS problem, and will continue 
until the NETBIOS standard is ex¬ 
tended to encompass internetworking 
and global naming. 

NETWARE INTERNALS 

Above the IPX/SPX communications lay¬ 
ers resides the NetWare shell. Novell 
and other vendors use network shells 
to improve performance and increase 
functionality. When the shell is loaded, 
it revectors the DOS interrupt (INT 
21H) to its own address space, termi¬ 
nates, but stays resident. Application 
calls to INT 21H are subsequently 
hooked by the shell, parsed, and ana¬ 
lyzed. If the call is for a local resource, 
it is passed on to the DOS call handler. 
If the shell determines the call is for a 
network resource, it handles the call. 

In addition to INT 21H, the shell 
hooks the following interrupts: INT 8H 
(timer), INT lOH (video services), INT 
17H (printer services), INT 20H (pro¬ 
gram terminate), INT 24H (critical 
error handling), and INT 27H (termi¬ 
nate and stay resident). To interact well 
with DOS and application software pro¬ 
cesses, the shell must know when these 
interrupts are in use. 

One drawback to network shells is 
the incompatibility that arises between 
the shell and DOS when DOS is up¬ 
graded. The NetWare shell has exten¬ 
sive hooks into DOS, so Novell must 
upgrade it whenever DOS is upgraded. 
Fortunately for NetWare users, shell 
upgrades have been available whenever 
DOS has had a major upgrade. 

An alternative to using shells is to 
access network resources through DOS 
and the Microsoft Network (MS NET) 
redirector. Companies such as 3Com, 
HP, and Torus license the redirector for 
their networks. IBM also employs 
MS NET for its PC Network and Token- 
Ring LANs. DOS compatibility is as¬ 
sured under this method; however, net¬ 
work functionality and performance 
suffer in the process. 

With the advent of OS/2, LAN ven¬ 
dors can provide access to servers with 
operating system calls. Novell’s OS/2 
client requester, released to developers 
in February, is implemented with the 
dynamic link library. Novell’s OS/2 re¬ 
quester is supported with the 2.1 ver¬ 
sion of NetWare only and can coexist 
with DOS clients. 

NetWare Core Protocol. In addition to 
directing DOS requests to the server, 
the shell provides “NetWare-aware” 
applications with function calls to ac¬ 
cess the extended client services. These 


calls are defined by the NetWare Core 
Protocol (NCP), a client-server interface 
that is similar to MS NET’s Server Mes¬ 
sage Block (SMB). SMB is the dominant 
client-server interface for PC LANs, but 
NCP is a more advanced protocol. 

NCP is well documented and open 
to programmers, but it essentially is a 
Novell proprietary protocol. Some low- 
end LANs support Novell data manage¬ 
ment calls, but NCP is not licensed by 
third-party LAN vendors as is SMB and 
Sun Microsystem’s DFS. SMB is used by 
IBM, 3Com, AT&T, and other LAN ven¬ 
dors that use the MS NET redirecter. 

'NetWare’s request-response 
architecture has less over¬ 
head than the time-slicing 
preemptive task manager 
used by UNIX and OS/2. 


SMB is picking up support in the mini¬ 
computer industry as well and is cur¬ 
rently available on DEC, HP, and other 
minicomputers. 

Although it represents an industry 
standard, SMB defines fewer than 50 
network functions, while NCP defines 
more than 150. Because of the small 
number of functions it supports, SMB 
limits the effectiveness of the redirec¬ 
ter, and MS NET in general. Future 
enhancements to SMB are anticipated, 
specifically in connection with Micro¬ 
soft’s LAN Manager, and redirecter ser¬ 
vices will continue to improve. 

This situation is made somewhat 
tolerable because developers can write 
applications with standard DOS 3.1 (or 
later) calls and run in botli NCP and 
SMB environments. For applications 
tliat do not need the NCP enhance¬ 
ments, this may be safest. 

After an NCP is processed by the 
shell, it is passed through the commu¬ 
nications subsystem to the server. In¬ 
coming requests initiate a process on 
the server that corresponds to the func¬ 
tion called at the station. These pro¬ 
cesses, which Novell refers to as 
request-server-processes, are the work¬ 
horses of the NetWare server environ¬ 
ment. They manage file system ac¬ 
cesses, print jobs, routing, security, and 
many other critical server functions. 

NetWare implements its server 
processes in a request-response archi¬ 
tecture that does not switch processes 


preemptively. The nonpreemptive ap¬ 
proach requires queued server pro¬ 
cesses to wait until the preceding pro¬ 
cess yields control before gaining ac¬ 
cess to server resources. When a pro¬ 
cess takes control, it must complete its 
task as soon as possible and relinquish 
control of server resources to the next 
server-process. Typically, a server- 
process quickly spins off a lower-level 
operation, such as a disk access, and 
then “goes to sleep” until the low-level 
operation is complete. 

This architecture has the advantage 
of less overhead than the time-slicing 
preemptive task manager used by UNIX 
and OS/2. The trade-off for the per¬ 
formance gain is a potential hazard 
that processes will take an excessive 
amount of time returning control to 
the event scheduler. In this environ¬ 
ment, processes must be aware of sys¬ 
tem timing parameters and be very 
dependable. In the absence of a pre¬ 
emptive task manager, Novell uses a 
very small (4KB) multitasking executive 
(compare this to the total size of the 
NOS in file server memory, which is 
close to 400KB). 

The NetWare executive is analo¬ 
gous to a very small traffic cop direct¬ 
ing large, fast-moving trucks in a busy 
intersection. In this analogy, the trucks 
are the request-server-processes trans¬ 
porting data and servicing client re¬ 
quests. These activities normally take 
place with precision orchestration, but 
if something goes wrong with a request 
process in this nonpreemptive environ¬ 
ment, the small executive can do noth¬ 
ing. It is to Novell’s credit that the file- 
server processes are very reliable and 
do not crash headlong at the file-server 
intersection. 

PROGRAJVfMING UNDER NETWARE 

The operating system on the NetWare 
server is not DOS or a DOS derivative; 
consequently, its compatibility with 
DOS is a constant concern. This is par¬ 
ticularly true now that DOS has ex¬ 
tended its file-access calls to include 
support for the network environment. 

NetWare 2.1 supports all DOS INT 
21H functions, including extended file 
opens, older compatibility opens, and 
file-locking operations. Modes associ¬ 
ated with extended file opens take 
precedence over the Novell sharing 
scheme. For example, even if a Novell 
file is set as nonshareable, multiple cli¬ 
ents may open it with the DOS nonex¬ 
clusive open. Conversely, if an applica¬ 
tion opens a file that is Novell share¬ 
able with a deny-read-write, subsequent 
opens will be denied. NetWare assumes 
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that DOS extended open-file operations 
are made by applications that kiTow 
how to manage files in the network 
context. 

In addition to support for the DOS 
file access and locking calls (INT 21H, 
function 5CH), NetWare provides sev¬ 
eral of its own data management func¬ 
tions. Records can be locked with 
byte-offset values or with logical names. 
Applications that synchronize data ac¬ 
cess with logical record locks must be 
coordinated and use the same naming 
conventions. The NetWare operating 
system can guarantee only the integrity 
of data accessed with byte-range locks. 
Enhanced functions designate groups of 
files or byte ranges as a resource set 


CONSISTENT PERFORMANCE 

Novell file servers are acknowledged 
to provide some of the best network 
performance in the industry^ Past tests 
by the press and independent parties 
have determined that NetWare outper¬ 
forms other LANs for all but small file 
operations associated with data man¬ 
agement applications. Novell has 
added local file-caching capabilities to 
its 2.1 shells, improving performance 
markedly for operations using small 
block sizes. Wlien tested with the new 
shells, NetWare delivered uniformly 
high performance for a range of net¬ 
work operations. 

Novell servers produce high lev¬ 
els of throughput because perfor¬ 
mance is one of the company’s pri¬ 
mary design goals for the NetWare 
architecture. Whereas OS/2 has been 
designed to coordinate diverse appli¬ 
cation processes in a preemptive en¬ 
vironment, Novell’s nonpreemptive 
architecture is optimized for high- 
performance file and print service. 

Several techniques ensure the 
speed of NetWare processing, but file 
caching is one of die most important. 
NetWare servers support caches of 
6MB or more. In addition to caching 
files, NetWare caches file allocation 
tables (FATs) and directory tables. In 
addition, the FAT index feature in 
NetWare 2.1 reduces time for opera¬ 
tions on large files to a fraction of 
diat required with nonindexed FATs. 

NetWare’s dual disk channels use 
a proprietary drive controller board 
with a disk coprocessor to manage 
disk accesses. This is pan of Net¬ 
Ware’s fault tolerant system that lets 
servers split disk seeks on mirrored 
drives so reads are performed from 
two drives independently. 


that can be locked and released in a 
single operation. 

NetWare manages database file ac¬ 
cesses with its Transaction Tracking Sys¬ 
tem (TTS), which views sequences of 
database operations—lock record, up¬ 
date record, release record—as a sin¬ 
gle transaction. In the event of a client 
crash or program abort, TTS discards 
an unfinished transaction to avoid cor¬ 
rupting the database with incomplete 
updates. When a program aborts in the 
course of a transaction, TTS invalidates 
the incomplete transaction and rolls 
back to the previous point of database 
consistency. 

TTS has two modes, implicit and 
explicit. Implicit mode applies to appli- 


NetWare’s performance-enhancing 
features encourage high throughput. 
To determine the effect on DOS file 
operations, PC Tech Journal tested 
performance using its throughput 
measuring utility, LANPERF (intro¬ 
duced in “Nem^ork Complexity,” this 
issue, p. 44). The test system com¬ 
prised 8088, 80286, and 80386 work¬ 
stations on a Token-Ring and a Com¬ 
paq Deskpro 386/16 file server with 
6MB of RAM. The NetWare 2.1 operat¬ 
ing system on die 386/16 was config¬ 
ured with standard settings, such as 
80 routing buffers and a maximum of 
300 files open at once. 

The first test series examined 
throughputs for a single station on 
the test network with no other net¬ 
work load. LANPERF generated traffic 
and measured throughput in kilob}l;es 
per second (KB/s). To obtain baseline 
readings, tests were run initially on 
the local hard drive of a 10-MHz AST 
Premium/286 with no network shell 
loaded. The block size and file size 
for test operations were varied by 
changing the command-line parame¬ 
ters for LANPERF. For overlaid com¬ 
patibility mode reads, in which the 
block size was equal to the file size, 
the throughputs for die local drive 
read test were as follows: 

BLOCK SIZE THROUGHPUT 


(bytes)(KB/s) 


1 

1.37 

10 

13.56 

64 

84.12 

256 

302.74 

512 

478.30 

1,024 

59.70 

2,048 

119.50 

4,096 

119.60 


cations that have not been written to 
take advantage of NetWare TTS. For 
diese applications, TTS assumes that a 
transaction begins with a lock opera¬ 
tion and ends with an unlocking opera¬ 
tion. Although implicit transaction 
tracking works with most multiuser 
applications diat use standard DOS 
locking calls, cases may arise in which 
TTS cannot imply which operations 
constitute a transaction. 

Novell has indicated that one of 
die target applications for implicit TTS 
is Ashton-Tate’s dBASE. Even with dBASE, 
TTS may have problems implying trans¬ 
actions and will need parameters ad¬ 
justed. Some versions of dBASE make a 
locking call during the copy-protection 


The relatively high throughput associ¬ 
ated with block sizes below 512 bytes 
is the result of DOS buffering. The 
throughput for a similar write test 
was 5- to 10-percent less than for 
reads, but also benefited greatly from 
local buffering. 

The local drive test was also run 
with the NetWare shell loaded, and 
considerable performance degrada¬ 
tion was observed during buffered 
operations. This is because each DOS 
operation is trapped by die shell, 
whether to a local or a network drive 
Buffered operations to a local drive 
were 10- to 20-percent slower with 
the shell loaded. 

The read test was run on die 
same station to a nem^ork drive with 
the following results: 

BLOCK SIZE THROUGHPUT 


(bytes)(KB/s) 


1 

2.73 

10 

26.84 

64 

162.26 

256 

534.78 

512 

64.20 

1,024 

97.40 

2,048 

98.50 

4,096 

96.60 


The network diroughput figures were 
higher than local test figures for buf¬ 
fered operations, but lower for larger 
blocks that must go to the server, due 
to network latenq^ The NetWare shell 
buffered blocks of 256 bytes or less. 
As a result, overlaid operations using 
257-byte blocks went to the server. 
The buffering of the shell is opti¬ 
mized for typical network application 
file operations. Long sequential writes 
and reads produced throughput that 
was equal to, or slightly less than, 
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check during initialization that throws 
transaction tracking off. Novell provides 
a command-line utility called SETTTS 
to coordinate TTS with such database 
applications. 

Only programs that are customized 
for NetWare can use explicit mode, 
which, as the name implies, is more 
precise about the bounds of database 
transactions. A program using explicit 
TTS begins a database access by mak¬ 
ing a “begin transaction” call to Net¬ 
Ware and ends it with an “end transac¬ 
tion” call. Thus, the operating system 
always knows the status of transactions. 
Extended function calls. Support for 
DOS file operations and locking calls is 
only a portion of the functions avail- 


overlaid operations when buffering 
was not a factor. 

The mode with which a file is 
opened affects whether it is buffered 
locally. Files opened witli exclusive 
modes that deny subsequent read or 
writes are buffered locally, but files 
opened as shareable (deny-none) re¬ 
quire a trip to the server. File opera¬ 
tions that are not buffered locally re¬ 
quire at least one packet to the server 
and a return acknowledgment packet. 
For these operations, the server, 
workstation, and network link deter¬ 
mine throughput. While the 10-MHz 
Premium/286 delivered a throughput 
of almost 100 KB/s in the above test, 
the Deskpro 386/16 running the same 
procedure reached 128.20 KB/s. 

MULTIPLE STATIONS 

Tests also were run for network con¬ 
figurations with multiple stations. 
LANPFRF synchronizes testing so that 
all stations start and stop simultane¬ 
ously. As many as 12 workstations 
were tested together, including ma¬ 
chines such as the Deskpro 386/16, 
8-MHz IBM PC/AT, IBM PS/2 Model 50, 
10-MHz AST Premium/286, and 4.77- 
MHz IBM PC. The throughput figures 
reflected the presence of multiple 
machines sharing the network media 
and server. The Premium/286 that 
previously yielded 100 KB/s was re¬ 
duced to 20.40 KB/s when the test 
was run by 12 stations. 

A machine s speed or processor 
type had little effect on throughput 
during multistation tests. During a 
10-station test of 8-MHz 80286 and 
l6-MHz 80386 machines, the average 
throughput was 24.30 KB/s and the 
mean deviation from this average was 


able to programmers in the NetWare 
environment. The 150 or more NCP 
fiinctions comprising NetWare s basic 
client-server interface are available to 
applications on any NetWare client sta¬ 
tion once the shell is loaded. The NCP 
functions provide services relating to 
security, enhanced file and directory 
maintenance, access rights, file-server 
usage, user accounts, billing, intersta¬ 
tion messaging, printer and queue 
management, locks and semaphores for 
data access synchronization, and more. 

NCP functions are executed as 
standard DOS calls with INT 21H, but 
use function values above the DOS 
range between B6H and F3H. The DOS 
file attributes are extended by NetWare 


less than 0.1 KB/s. Whether 80286 or 
80386, stations delivered virtually the 
same throughput under heavily 
loaded conditions. The 4.77-MHz PC 
was the only exception—it ran 10- to 
20-percent slower tlian the 16- and 
32-bit machines for all operations. 
Considering that throughput was af¬ 
fected considerably by processor 
speed in the single-station tests, the 
limiting factor for multiple-station 
tests had to be the server or the data 
link, not the station. 

The aggregate server throughput 
was determined by adding the 
throughput for each station, in a 
group test. The highest obtainable 
aggregate represents the maximum 
effective throughput for the server on 
a topology. Read tests with large 
block sizes (1KB, 2KB, 4KB) uni¬ 
formly produced aggregate server 
throughput of 240 to 245 KB/s. Above 
a minimum number of stations, vary¬ 
ing the number of stations changed 
the throughput for each station, but 
not the server’s aggregate figure. 

In the course of multiple-station 
testing, it was found that the through¬ 
put for each machine could be com¬ 
puted by dividing the number of sta¬ 
tions under test into 240. For exam¬ 
ple, 12 stations delivered 20 KB/s 
each, 6 stations delivered 40 KB/s 
each, and so on. None of the multista¬ 
tion write tests saturated the network 
as the reads did, which can be attrib¬ 
uted to disk latency. The highest level 
of aggregate server throughput for 
writes was approximately 210 KB/s. 

Considering that the utilization 
on the server console never went 
higher than 75 percent during testing, 
it can be assumed that the 240-KB/s 


also. For example, DOS function 3CH 
(create-file) uses an attribute byte to 
request the type of file to be created— 
read-only, hidden, or system. In the 
NetWare environment, function 3CH 
can be called with an extended attri¬ 
bute byte of 80H. When the call is 
trapped by the shell, it is interpreted as 
a request to create a file with the Net¬ 
Ware shareable attribute set. For exist¬ 
ing files, the NetWare extended func¬ 
tion call B6H can set the file attribute 
to shareable. 

Application programming interfaces. In 

addition to the client-server interface 
available in the NCP functions, NetWare 
supports more than 20 distinct APIs. 
Those relating to file-server functions 


aggregate figure for tlie Token-Ring 
server approaches the effective limits 
of the test topology, not the server. 
Novell reports that similar tests on 
heavily loaded 80386 servers on a 
Token-Ring network have demon¬ 
strated an aggregate throughput as 
high as 270 KB/s. 

Novell-conducted tests on Ether¬ 
net 80386 servers resulted in through¬ 
put of better than 660 KB/s. This cor¬ 
roborates the theory that the IBM 
Token-Ring boards and drivers are 
saturating before the 80386 server can 
deliver its maximum throughput. Be¬ 
cause 6-MHz 80286 NetWare servers 
on Token-Ring reach 100-percent 
server utilization, the conclusion is 
that 386 servers running NetWare are 
capable of throughput higher than 
IBM Token-Ring boards and drivers 
can deliver. As verified by the test 
results, Token-Ring represents neither 
the fastest nor tlie slowest perfor¬ 
mance possible with NetWare. 

In the tests conducted by PC 
Tech Journal, NetWare performed ex¬ 
tremely well under both single- and 
multiple-station configurations. A sin¬ 
gle station on the network delivered 
throughput comparable to that of 
DOS operations on a fast local drive. 
The multiple-station network tests al¬ 
located the resources of the server 
equitably among machines across a 
wide range of configurations. As with 
any system, the performance of Net¬ 
Ware is affected substantially by fac¬ 
tors such as local caching, network 
load, and topology. Developers need 
to consider these issues when opti¬ 
mizing performance of network appli¬ 
cation software. 

—Steven S. King 
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NOVELL NETWARE 


include a database API using Softcraft’s 
Btrieve as a record manager on the 
server; third-party applications running 
in NetWare servers are called value- 
added processes (VAP). A job-queuing 
API supports development of servers 
for batch jobs, shared printing, large 
compiles, and other tasks to be queued 
for NetWare servers of all kinds. 

NetWare 2.1 enhances network re¬ 
source monitoring and diagnostic 
functions of previous versions. A net¬ 
work management and diagnostic API 
allows programs to gather statistics 
from IPX/SPX, disk systems, TTS, login 
connection tables, and so on. 

Manufacturers of disk drives and 
other storage devices can take advan¬ 
tage of the value-added disk driver 
(VADD) API. Drivers are developed, 
with the help of Novell, to be distrib¬ 
uted with NetWare-compatible storage 
hardware. Users link the third-party 
drivers to the NetWare operating sys¬ 
tem when server software is generated. 

The communications AI^Is supplied 
by Novell are extensive. Lower-level 
APIs support packet construction and 
are used for development of bridges, 
gateways, and specialized servers. 
High-level APIs allow programs to emu¬ 
late IBM 3270, IBM 5250, or asynchro¬ 
nous terminals. A store-and-forward 
message API aids in development of 
wide area mail systems and other 
long-distance, data-transfer applications. 

Communications APIs from Novell 
include: NETBIOS, IPX, SPX, IBM high- 
level language API (HLLAI^I), IBM low- 
level API (LLAPI), IBM LU 6.2, NetWare 
Asynchronous Service Interface (NASI), 
and an IRMA-compatible 3270 gateway 
interface. The NASI API works with the 
NetWare Asynchronous Communica¬ 
tions Server and is used to develop 
terminal-emulation, modem-sharing, 
and file-transfer applications. 

Novell has gone to great lengths to 
open its APIs to programmers. More 
than 2,500 firms are registered in its 
Independent Software Vendor Program 
(ISV), which is free of charge. To qual¬ 
ify, vendors need only have a network 
product in the design or planning 
stages. Telephone support is free and 
documentation is available at a nominal 
fee. Registered ISVs can purchase Net¬ 
Ware products at 29 percent off list 
price from their local dealer or re¬ 
gional NetWare center. 

ALONG LIFE 

Novell’s success in the LAN industry is 
a result of the quality of its network 
services and the speed with which it 
responds to the needs of the technical 


community. This is not to say that users 
have not sometimes waited for prod¬ 
ucts, bug fixes, or updates from Novell, 
but relative to the industiy as a whole, 
Novell consistently delivers improved 
services to DOS clients as fast or faster 
than other vendors. 

Novell’s real strength lies in its 
server-based file and print services, 
which deliver consistently high perfor¬ 
mance. The administrative functions 
that support these services are also 
well executed. The quality of these ser¬ 
vices make NetWare a viable solution 
for users with demanding database and 

he arrival of Microsoft 
IAN Manager and increas¬ 
ing industry competition 
will mean adversity for 
Novell in coming months. 


document-processing applications. This 
viability has been increased by its sys¬ 
tem fault tolerant features. 

The internetworking architecture 
of NetWare is well implemented, but its 
communications services need im¬ 
provement. Specifically, the modem 
servers and wide area bridges need to 
be more tightly integrated. NetWare’s 
resource access scheme is location- 
dependent and requires users to enter 
the physical path to a resource. Without 
a name service to facilitate network 
access, NetWare internetworking capa¬ 
bilities will not be fully exercised. 

Improvements in name service and 
communications are not the only chal¬ 
lenges in Novell’s immediate future. 

The endorsement of Microsoft’s LAN 
Manager by many large vendors pre¬ 
sents perhaps the greatest challenge to 
Novell’s current dominance of the LAN 
industry. Altliough Novell plans to in¬ 
teroperate with tlie LAN Manager envi¬ 
ronment, it is one of the few compa¬ 
nies that has not announced it will li¬ 
cense the product. Novell is taking 
OS/2 and LAN Manager very seriously 
and is in the process of porting Net¬ 
Ware to an OS/2 platform. 

NetWare as a native operating sys¬ 
tem or running under OS/2 leaves 
Novell supporting Microsoft’s architec¬ 
ture as an outsider, as it has with the 
redirector and MS NET. No one has 
been better at interacting with Micro¬ 
soft system software than Novell, but 


emulating LAN Manager functions from 
the NetWare environment is signifi¬ 
cantly more involved than supporting 
DOS functions. It remains to be seen 
whether Novell can support OS/2 and 
LAN Manager clients as well as it sup¬ 
ports DOS clients. This is a particularly 
important consideration for developers 
deciding which LAN Al^Is to write to. 

One of Novell’s strengths in die 
past has been accurately projecting 
user needs for LAN technology. Its in¬ 
tentions to support multiple-client op¬ 
erating systems, protocols, and hosts 
indicate that Novell is still anticipating 
the real needs of the end-user commu¬ 
nity. A recent Novell annual report 
states that the company has had to 
“navigate a sea of adversity” to reach 
its position of leadership in the LAN 
industry. The arrival of LAN Manager 
and increasing competition in the in¬ 
dustry means there will plenty of ad¬ 
versity for Novell in coming months. 

But if past performance is any indica¬ 
tor, Novell will rise to the occasion, 
improving its services and continuing 
to add value to evolving LAN standards. 

Widi its advanced file system and 
robust administrative services, Novell’s 
NetWare 2.1 in many ways represents 
the state of the art for LAN operating 
systems. In evaluation and testing, diis 
product exliibited a unique combina¬ 
tion of ergonomics, sophistication, and 
dependability. Although its advantage 
may not last forever, Novell’s basic cli¬ 
ent services are superior to competing 
products, and the LAN community is 
already hard at work learning the new 
features. NetWare 2.1 has the normal 
measure of compatibility problems and 
bugs tliat comes with any major operat¬ 
ing system upgrade, but it is remarka¬ 
ble in the degree to which it meets 
user needs. Undoubtedly it will enjoy a 
long and useful life cycle. I '"1111 ^1 

Novell Inc. 

122 E. 1700 South 
P.O. Box 5900 
Provo, UT 84601 
8001453-1267; 8011379-5900 
SET NetWare 2.1: $4,695; with disk 
controller, $5,190. Asynchronous 
Gateway (four pons), $1,490; four 
additional pons, $895. X.25 Remote 
Bndge point-to-point, $2,495; 
midtipoint, $2,995. (No charge for 
Asynchronous Gateway software; prices 
vary with configuratioti for IBM 3270 
and 5250 gateways.) 
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Steven S. King is a technical editor with PC 
Tech Journal, specializing in networks. 
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More Network Guts 
Than Most Network Boards 


With advanced power and five times more 
speed, LANLink 5X™ has emerged. 

Coming from award-winning, state-of-the- 
art technology, the new LANLink 5X™ boldly stands 
up to the challenge posed by costly, hardware- 
dependent networks. 

That takes guts for a software-driven net¬ 
work. But we’re confident. 

Because we’ve discovered a high-speed 
networking channel that’s already built into most 
PCs...the standard parallel port. 

The High-Performance Alternative to 
Network “Boardom.” Half a Megabit per second, 
with over 500 feet between connections. That’s the 
astonishing rate at which LANLink 5X™ transfers 
data between PCs or PS/2s using ordinary 
parallel ports. 

But you’re not restricted to parallel ports. 
The very same sockets you’d use for modems... 
connect PCs at 115 Kbps. Plus, you get remote 
access support and multi-tasking performance 
under PC-MOS/386™or PC-DOS. 


Superior Results at Inferior Costs. 

LANLink 5X™ lets network users share data, 1000s 
of DOS programs, files, and printers. For about the 
same cost as one network board, you can install a 
five-user LANLink network. Without special hard¬ 
ware...and in less than two hours. 

Get Network Guts Without Network 
Boards. LANLink 5X™ is immediately available 
and comes with a money-back guarantee. Its 
price of $595 includes a server and a satellite mod¬ 
ule plus the network operating system. 

Call The Software Link TODAY for complete 
details on the fastest software-driven network 
that’s ever been available. 

_ CALL: 800/451-LINK _ 

In Georgia; International/OEM Sales: Resellers/VARs: FAX: 

404/441-2580 _ 404/263-1006 _ 404/448-5465 404/263-6474 

3577 Parkway Lane, Atlanta, GA 30092 Telex 4996147 SWLINK 
The Software Link/Canada CALL: 800/387-0453 

LAIVMAlIc-^ 

the software link 

DEALER INQUIRIES INVITED 


LANLink, LANLink 5X, & PC-MOS/386 are trademarks of The Software Link, Inc. PS/2 & PC-DOS are trademarks of IBM Corp. Prices and technical specifications subject to change. 

Copyright ©1988. All Rights Reserved. 
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Every business person worth his or her salt 
knows you have to prepare for the future. They also 
know the only way to get to the future is by getting a 
grip on business now. 

That is precisely the point of the IBM® Personal 
System/2® family. 

In fact, the real beauty of the PS/2®design is 
that it has enabled us to satisfy many of your imme¬ 
diate needs, while still focusing on the bigger picture. 

For improving performance, 
there’s no time like the present. 

The PS/2 was designed to bring advanced 
technology to your desk now. 

It runs DOS appbcations you’re running now, 
bke Lotus®l-2-3® spreadsheet and Display Write™ 4 
word processing program. 

And it runs them faster—from 117% to more 
than 850% faster, in tested appbcations,* depending 
on the model you choose. 

The PS/2 family also gives you more standard 
features than other systems. 

In fact, graphics, along with communication, 
printer, and pointing device ports, are built right 
in. That can save you money later on. And it 
gives you the convenience you’ll need in the 
future. Right now. 

All of those features were designed to 
satisfy your present need for power and 
graphics. And they do. Which is why the 
Personal System/2 family is selbng faster 
than any computers in history. 

But satisfying your current needs 
was only part of the plan. 

The PS/2 was also intended to 



offer you an entirely new way of protecting the bfe of 
your investment. 

IBM puts the future of computing 
in your hands. 

K the IBM PS/2 is the best way to get a handle 
on business today, the PS/2 combined with the IBM 
Operating System/2™ program could completely 
redefine your ideas about computing in the future. 

In fact, we at IBM bebeve OS/2™ is the future 
of personal computing. 

OS/2 (together with our models employing 
PS/2 Micro Channel™ architecture) boosts pro¬ 
ductivity levels even higher—up to 65% over DOS. 

It manages large memory to run several jobs at 
once, including multiple spreadsheets. 

OS/2 also ensures that you’ll always be able to 
run DOS-based programs. 

And, even more important, it has impressed 
software manufacturers enough for them to invest 
their time and resources, developing many new 
appbcations to take advantage of the power of OS/2. 

So call your IBM Marketing Representative. 
“/\hw I’ve got a jump on my Or Call 1-800-447-4700 for the 

compeiitionr^^ name of your nearest IBM 

I authorized dealer. 

1 Learn more 

about the IBM PS/2 
and OS/2. 

And learn 

. how to make your day- 
to-day operation more 
efficient while keeping 
a close eye on the 
bi^er picture. 



The Bigger Picture 


♦Based on performance test results published in the April, 1987 and January, 1988 issues of PC Digest, comparing the PS/2 Models 30,50,60 and 80 to the IBM PC XT, running Lotus 1-2-3 and DisplayWrite 4. 
tThis simulated screen shown was developed using the IBM Storyboard Plus program. IBM, Personal System/2 and PS/2 are registered trademarks; PC XT, Operating System/2, OS/2, Micro Channel and 
DisplayWrite are trademarks of IBM Corporation. Lotus and 1-2-3 are registered trademarks of Lotus Development Corporation. © IBM 1988. 















Highly Polished 

CCode 


Aiming for faster and tighter programs, C compilers 
vaiy from mediocre to magnificent in how 
they optimize }nachine-level code. 


PHILIP N. HISLEY 


F irst, C vendors aimed for full 
compliance with the Kernighan 
and Ritchie standard, then it wics 
faster compile times, followed by com¬ 
plete memory^ model support for the 
Intel 80x86 family of microprocessors, 
followed by attempts to promote 
source-code portabiliw by providing 
UNIX-compatible function libraries, fol¬ 
lowed by specialized function libraries 
to provide low-level access to PC- 
specific features, followed by attempts 
to adhere to the evolving ANSI C stan¬ 
dard, followed by a return to the 
womb with integrated development 
environments . . . 

The latest trend in C compilers is 
optimization, as evidenced by these 
current claims from vendors: ‘The 
most powerful optimizing compiler 
ever!" (Turbo C, Borland); “New opti¬ 
mizations generate the fastest code!" (C 
S.O, Microsoft); and, “Optimizer ruth¬ 
lessly searches for ways to speed up 
execution and minimize memory 
usage!" (Optimum-C, Datalight). With 
this trend in mind, PC Tech founial 
developed a benchmark to test code 


optimization capabilities of C compilers 
for the PC. This benchmark was run on 
nine compilers: Borland Turbo C 1.5, 
Computer Innovations C86Plus 1.10, 
Datalight Optimum-C 3.14, lattice MS- 
DOS C 3.2, Manx Aztec C86 4.0, Meta¬ 
ware High C 1.4, Microsoft C 5.0 and 
QuickC 1.0, and watcom C 6.0. These 
products represent the best C compil¬ 
ers available on the PC. The tests re¬ 
vealed that each applies different opti¬ 
mization techniques with varying suc¬ 
cess. Other compilers are available, but 
their performance is generally below 
the ones examined here. Most of these 
compilers were reviewed in PC Tech 
JouniaTs Februan^ 1988 cover suite, 
“The State of C" (see “C Contenders" 
and “Turbo and Quick Weigh In," Mail)' 
Franz, p. 52 and p. 72, respectively). 

While today’s C compilers offer 
similar capabilities, optimization is one 
important remaining diflerence that can 
be used to discriminate among them. 
The job of a language compiler is to 
translate a procedural description of a 
problem and efficienth map it onto the 
underlying machine-level instruction set 
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POLISHED C CODE 


FIGURE 1: Common-Subexpression Elimination 


C SOURCE CODE 

BORIAND 

Turbo C 1,5 

lATnCE 

MS-DOS C 3.2 

if(( h3 + k3)<0 II (h3 + k3)>5) 

mov 

AX,h3 

mov 

AX,h3 

printfC'Conmon subexpression elimination\n'‘); 

add 

AX,k3 

add 

AX,k3 

jl 

ai8 

js 

L0187 


mov 

AX,h3 

cmp 

AX,5 


add 

AX,k3 

jle 

L0193 


cmp 

AX,5 

L0187: mov 

AX,01.0000 


jle 

ai7 

push 

AX 


ai8: mov 

AX,offset sa 

call 

printf 


push 

call 

mov 

ai7: 

AX 

printf 

SP,BP 

add 

L0193: 

SP,2 


Multiple occurrences of a calculation are replaced with a value that is the result 
of a single instance of the calculation. Borland Turbo C calculates the value of the 
redundant expression h3 + k3 twice, while Lattice MS-DOS C and others apply 
common subexpression elimination and calculate the expression only once. 


of the target processor. How effectively 
a compiler generates machine-level 
code can have a significant effect on 
how fast a program will execute and 
the size of the translated program. 

The ultimate goal of code optimi¬ 
zation is to produce faster and smaller 
code. In the mainframe environment, 
where the amount of available memory 
on a computer system is a limiting re¬ 
source shared by multiple users, code 
space optimization is important. In the 
PC environment, speed optimizations 
have a higher priority because the PC 
generally is used by a single person, 
and large amounts of memory are af¬ 
fordable (most PCs have at least 640KB 
of RAM and many contain multiple 
megabytes of expanded or extended 
memory). The best evaluation of a C 
compiler s proficiency at optimizing 
code on the PC, therefore, concentrates 
on the compiler’s speed. 

Thorough, up-front analysis and 
clean program implementation provide 
a solid base for any later refinements 
that might be supplied by optimizing 
compilers. Code optimization cannot 
be expected to compensate for a pro¬ 
gram whose task structure is poorly 
organized or for the selection of an 
inappropriate processing algorithm. 
Current optimization technology, for 
example, does not intuitively substitute 
a quick-sort algorithm for a specified 
bubble sort, even though the former 
might produce a faster executing pro¬ 
gram. In addition, through careful code 
construction, programmers can easily 
effect some code optimizations, such as 
constant folding, invariant code motion, 
and loop jamming. 

SCOPE OF OPTIMIZATION 

The term optimizing compiler is used 
by compiler vendors in a general sense 
to define compilers that provide any 


level of optimization—from the most 
fundamental to the most complex. To 
distinguish between the degree of opti¬ 
mization provided by different compil¬ 
ers, a more precise definition of the 
term is needed. Code-optimization 
techniques can be applied at different 
levels with regard to syntactic range. 
From the most rudimentary level to the 
most complicated, they are: statement, 
block, loop, procedure, and program. 
The greater the range of optimization, 
the greater the opportunity for improv¬ 
ing the overall efficiency of the pro¬ 
gram module. The trade-off for apply¬ 
ing a greater degree of optimization, 
however, can be a significant increase 
in compile time. 

The statement range is a single 
syntactic unit within a program. Most 
compilers perform some sort of opti¬ 
mization at this, the simplest, level. 

A block is a sequence of state¬ 
ments for which a single entry point 
and a single exit point exist. The linear 
aspect of a block of instructions allows 
a compiler to perform optimizations 
based on the life span of variable data 
and expressions used within the block. 
An optimizing compiler determines the 
operational structure of a program by 
constructing a directed (or flow) graph 
of the program in which each node 
represents a basic block and connec¬ 
tions between nodes represent tlie flow 
of control. Most compilers optimize at 
the block level. 

A loop contains a sequence of 
statements executed repetitively. Be¬ 
cause many programs spend the most 
processing time in loops, optimizations 
in this area can yield significant im¬ 
provements in execution performance. 
While common in minicomputer and 
mainframe optimizing compilers, opti¬ 
mizations at the loop level are new for 
C compilers for the PC. 


Procedures are statements con¬ 
tained within complete subroutines or 
functions. Optimizations over this range 
are not commonly performed by com¬ 
pilers for the PC. 

The most complex range of opti¬ 
mization, the program level, is only a 
theoretical concern at this time and has 
not been introduced by any commonly 
available C compiler on PCs, minicom¬ 
puters, or mainframes. Vendors who 
claim their compilers perform global 
optimizations are referring to the pro¬ 
cedure level, not the program level. 

Code optimizations can be depen¬ 
dent on, or independent of, a comput¬ 
er’s underlying architecture. Compiling 
a computer program involves two basic 
functions: syntactic/semantic analysis 
(front-end) and code generation (back¬ 
end). Syntactic/semantic analysis de¬ 
pends heavily on grammar and is spe¬ 
cific to a language; code generation is 
generic and ideally can be used to sup¬ 
port front ends for any number of pro¬ 
gramming languages. 

Source code for a particular lan¬ 
guage is first translated into a common 
intermediate form that is subsequently 
processed by code generation to pro¬ 
duce machine-specific executable code. 
Machine-independent optimizations, 
such as common subexpression elimi¬ 
nation and invariant code motion, are 
applied to this intermediate code. Ma¬ 
chine-dependent optimizations apply to 
the output of code generation and take 
advantage of the instruction set of a 
particular processor. They are known 
as peephole optimizations because they 
operate over a small window (5 to 10 
machine-level instructions). 

Typical examples of peephole opti¬ 
mization include elimination of redun¬ 
dant load/store operations, dead-code 
elimination, jump-chain compression, 
algebraic simplification, strength reduc¬ 
tion, and application of processor- 
specific instructions. 

OPTIMIZATION TECHNIQUES 

Several techniques for machine-depen- 
dent and machine-independent code 
optimizations exist; they can be applied 
over all of the syntactic ranges. Con¬ 
stant propagation is one of the sim¬ 
plest techniques. It replaces any refer¬ 
ence to a constant value with the value 
itself. In the following statement, this 
improves efficiency by eliminating 
three address references and replacing 
them with constants: 

X = 2; 

if( a < X && b < X ) 

C = X; 
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FIGURE 2: Simple Loop 


C SOURCE CODE 


BORLAND 

Turbo C 1.5 


METAWARE 


MICROSOFT 


WATCOM 


High 

1 c 1.4 

C 5.0 


c 6.0 


nwv 

j5,0 

mov 

j5,10000 

mov 

j5,0 

mov 

kS,10000 

mov 

k5,0 

mov 

01,10000 



mov 

CX,30000 

L4 dec 

01 

dec 

kS <— 

sub 

SI,SI 

imul 

AX,0I,3 

inc 

i5 

$0265: 


inc 

j5 

mov 

AX, jS 

sub 

CX,3 <— 

imul 

BX,j5,5 

mov 

SI,AX 

add 

SI ,5 

cwd 


sal 

SI,2 

mov 

AX,CX 
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SI 

test 

01,01 
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DX,AX 

DX,DX 

-(87) 

or 

DI,AX 

CX,CX 

jg 

L4 
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DX,AX 

jg 

$0265 <— J 



xchg 

AX,DX 

mov 

i5,0I 



cwd 






idiv 

SI 





mov 

i5,AX 





cmp 

k5,0 





jnle 

L00e3 






k5 = 10000; 

15 = 0; 

a 

do C 

k5 = kS - 1; 

J5 = 15 + 1; 

i5 = ( k5 * 3 ) / ( j5 * constants ); 

> while ( kS > 0 ); 


(X) = Clock cycles 
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cwd 

idiv 
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AX 

AX,j5 
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AX 
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The Microsoft C 5.0 compiler performed strength reduction on the constant multiplies and enregistered all variables within 
the simple loop including the calculated value of /5. The high degree of loop analysis that was performed is indicated by the 
fact that the termination states of both k5 and j5 were determined earlier by the compiler and not later at runtime. 


translates into 

X = 2; 

if( a < 2 && b < 2 ) 
c = 2; 

Closely related to constant propa¬ 
gation is copy’ propagation. It copies 
variables instead of constant values. 

For example, 

x = y; 

if( a < X && b < X ) 
c = X; 

translates into 

X = y; 

if( a < y && b < y ) 
c = y, 

Constant and copy propagation also can 
eliminate useless (dead) assignments 
{x = 2 ox: x= y in the examples). Of 
the compilers reviewed, only Microsoft 
C 5.0 and watcom C 6.0 applied con¬ 
stant propagation. 

The technique of constant foldmg 
(constant arithmetic) reduces expres¬ 
sions that contain constant data to the 
simplest form possible. Using constant 
data in a program is common, either 
directly (as in a number or digit) or 
indirectly (as in a declared manifest 
constant). Constant folding reduces the 
following statement: 

#define TWO 2 
a = 1 + TWO; 

to its equivalent form, 

a = 3; 

at compile time, thereby eliminating 
unnecessary arithmetic operations at 
runtime. In C, constant folding applies 


equally to both integer constants and 
floating-point constants. 

Algebraic simplification is a type 
of constant folding that eliminates 
arithmetic identities. Code generated 
for statements such as 

X = y + 0; 

X = y * 0; 

X = y / 1.0; 

X = y / 0; 

should be simple assignments and 
should not contain instructions to per¬ 
form arithmetic operations. An alert 
compiler should flag the last statement 
as an error and not generate code. 

Common-subexpression elimina¬ 
tion is the process of removing redun¬ 
dant computations. Rather than generat¬ 
ing code to compute a value every 
time it is used, optimizing compilers 
attempt to isolate the computation so 
that its value is calculated only once. 
Where possible, subsequent references 
to the same computation use the previ¬ 
ously calculated value. The expressions 
y * 3 and a[y ^ 3] are the common 
subexpressions in the following: 

if( a[ y * 3 1 < 0 II b[ y * 3 ] > 10 ) 
a[ y * 3 1 = 0; 

Eliminating these expressions results in 
the logical equivalent: 

Ti = y * 3; 

A. = &a[ T, ]; 

A 2 = &b[ T, ]; 

if( *A, < 0 II *A2 > 10 ) 

*A, = 0; 

Common-subexpression elimina¬ 
tion usually takes place within a state¬ 
ment or block range; Veij’ busy’ expres¬ 


sion elimination is more complex and 
spans basic blocks. Eliminating the very 
busy expression, y *3, in the statement 

if( a==0 ) 
a = y * 3; 
else 

b = y * 3; 

results in the logical equivalent: 

Ti = y * 3; 
if( a==0 ) 
a = Ti; 
else 
b = Ti; 

Figure 1 shows the practical benefit of 
common-subexpression elimination in 
actual code. 

Strength reduction involves replac¬ 
ing operations that require lengthy exe¬ 
cution time with ones that are faster. A 
compiler can apply strength reduction 
in several ways. For example, a com¬ 
piler applying strength reduction to its 
generated code might translate opera¬ 
tions that multiply or divide integers by 
a power of 2 into shift operations. 

Dead-code elimination is another 
optimization technique. Dead code is 
any sequence of instructions in a pro¬ 
gram that cannot be reached by any 
path through the program. It c:an result 
from previous optimizations, from con¬ 
ditional debugging code inserted into 
programs, or from frequent modifica¬ 
tions by multiple programmers. The 
following statements are candidates for 
dead-code classification: 

#define DEBUG 0 
if( DEBUG ) 

printf( “Debug FunctionXn” ); 
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code easier. Whether you want the imple¬ 
mentation flexibility of MS-DOS? Or the 
advanced capabilities of OS/2. 

With OS/2, you can develop large, so¬ 
phisticated applications that go beyond 
the 640K barrier. Applications that take 
advantage of up to 16MB of RAM. And 
that exploit the potential of today’s micro¬ 
processors. 

Microsoft BASIC Compiler 6.0 has 
features you can work with, not around. 
Runtime library control helps you write 
the most compact manageable code. The 
customizable runtime library lets you add 
subroutines that can save disk space. 

Since speed and hardware requirements 
vary, you can choose the floating-point 
math that suits you from among three 
math libraries. Including 8087/80287 co¬ 
processor support, a floating point emu¬ 
lator and a fast math library for systems 
without math co-processors. 

For the first time ever in a BASIC, you 


can get our popular 
advanced debugger, 
CodeView? Now you 
can sort out program 
logic at the source code 
I level. Even if you hap- 
/ pen to be using more 
/ than one language. 

And to get your 
DOS projects off to a 
quick start, Microsoft 
BASIC Compiler 6.0 


includes Microsoft QuickBasic 4.0, 

CaU (800) 541-1261, Dept. E68, and 
we’ll give you the name of your nearest 
Microsoft dealer. Because at 6.0, BASIC 
has finally come of age. 


OS/2 Features 

—Contains all of the OS/2 utilities to make protected- 
mode as well as real mode applications. 

—OS/2 language additions such as SHELL, OPEN PIPE, 
ON SIGNAL and SLEEP 

—First programmer’s editor that lets you write both OS/2 
and MS-DOS programs. 

CodeView Features 

—Trace execution, set breakpoints, set watch variables, 
view source code, see data automatically updated as 
variables are displayed. 

BASIC language features 

—Fastest stand alone, multiple module executable with 
no runtime fees. 

—User defined event trapping. 

—Multiple module error handling. 

—Supports records, recursion, huge arrays. 

—Additional data types—4 byte integers, fixed length 
strings. 

—Supports all major structured programming constructs 
including SELECT CASE 2 ind FUNCTION procedures. 
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FIGURE 3: Invariant-Code Motion—Microsoft C5.0 
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for( i4 = 0; i4 <= 2; i4++ ) 
ivector2C i4 3 = j * k; 

sub 

SI,SI 

mov 

i4,0 

mov 

AX,j 

jmp 

14432 


imul 

k 

L9ol2: 



mov 

[BP-4] ,AL 

mov 

AX,j 


$L20007: 

imul 

k 


mov 

AL,[BP-4] 

mov 

SI,i4 

ivector2[SI3,AL 


mov 

ivector2[SI] ,AL 

mov 


inc 

SI 

inc 

i4 


cmp 

SI,2 

14432: 



jle 

$120007 

cmp 

i4,2 


mov 

i4,SI 

jle 

L932 


Invariant code motion reduces loop execution time by moving nonvarying expres¬ 
sions out of the body of the loop. Unlike Computer Innovations C86Plus 1.10, 
Microsoft C 5.0 successfully moves the expression j ^ k out of the loop so that it 
is executed only once, instead of being executed on each iteration of the loop. 


FIGURE 4: Loop-Induction-Variable Elimination 
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mov 
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cmp 
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L134 


add 

SI,4 
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cmp 
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mov 
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inc 

i 





cmp 

i,100 





it 

L11B 





L134: 



Loop-induction-variable elimination helps to minimize the time spent in each iter¬ 
ation of a loop by removing loop-index variables (induction variables) from the 
body of the loop. While Datalight Optimum-C uses the induction variable i to 
index into the array ivector5, Microsoft C 5.0 eliminates it by accumulating the 
ofiset for each array entry and adding the result to the base address of the array. 


Manifest constants often can mask the 
existence of dead code, particularly if 
such code is embedded within in¬ 
cluded header files. 

Dead-store elimination involves 
determining the life span of a variable 
and eliminating assignments to that var¬ 
iable if those assignments have nothing 
to do with the program’s logic. It frees 
limited resources such as stack space 
or a machine register. In the following 
instruction sequence: 

a= 5; 
b = 0; 
a = b; 

the first statement is a dead store and 
can be eliminated safely. Dead stores 
can occur inadvertently when the life 
of a variable is long and code is some¬ 
what lengthy between instances of the 
variable. Dead stores also can result 
from a previous optimization pass. 

The goal of enregistering is to at¬ 
tempt to provide optimal register as¬ 
signment by keeping frequently used 
variables in registers as long as possi¬ 
ble to eliminate slower memory ac¬ 


cesses. The number of registers avail¬ 
able for allocation depends on the ar¬ 
chitecture of a processor. The Intel 
80x86 family reserves many registers 
for specific use and has few general- 
purpose ones. To assist enregistering, 
the C language provides a register stor¬ 
age class specifier that allows a pro¬ 
grammer to suggest which variables 
should be placed in registers. 

When enregistering variables, a 
compiler considers not only which var¬ 
iables to allocate, but also the registers 
to which they are assigned. Allocation 
of variables depends on the frequency 
of variable use, the life span of cur¬ 
rently enregistered variables (as deter¬ 
mined by data flow analysis), and the 
number of available registers. Depend¬ 
ing on the degree of optimization per¬ 
formed by a compiler, the life span of 
a variable could be within a single 
statement, within a basic block, or over 
several basic blocks. A variable is kept 
in a register only if it will be used 
again. When the variable is not subse¬ 
quently referenced, it is stored in RAM, 
freeing the register for another variable. 


Because the optimizing compiler 
knows the life of a variable, it should 
not intentionally generate redundant 
store or load operations. Redundant 
store operations are deleted through 
dead-store elimination; redundant load 
operations are omitted through better 
enregistering. Using the following: 

a = i -h 2; 
b = a + 3; 

a nonoptimizing compiler might gener¬ 
ate the following code: 


mov 

AX,i 

add 

AX,i 

mov 

a,AX 

mov 

AX,a 

add 

AX,3 

mov 

b,AX 


while an optimizing compiler could 
use enregistering to eliminate the re¬ 
dundant fourth instruction (mov AX,a). 

Time spent in loops can account 
for a major part of the total execution 
time of the program. Most important in 
loop optimization is minimizing the 
number of clock cycles required for 
one iteration of the loop. The number 
of instructions generated for the loop 
is not as significant as the number of 
clock cycles each instruction takes to 
execute. A simple loop and the code 
generated by four of the compilers 
show great variation in code size and 
quality (see figure 2). 

Invariant-code motion is one way 
to speed loops by moving expressions 
outside of the loop if the values they 
calculate are constant throughout exe¬ 
cution of the loop. If invariant code is 
optimized out of the following loop: 

unsigned char i, j, k, v, x; 
for( i = 0; i < V; ) 

X = i * ( j 4- k ); 

its logical equivalent would be: 

T, = j + k; 

for( i = 0; i < V; i-H-f ) 

X = i * Ti; 

Figure 3 demonstrates invariant code 
motion by Microsoft C 5.0. Further 
analysis of the invariant-code motion 
example shows that the value of /, the 
loop-index variable, varies directly with 
each iteration. The discrete assignment 
to i, known as the loop-induction vari¬ 
able, C 2 in be eliminated: 

Ti = j + k; 

for( X = 0; X < Ti * V; X 4-= TI ) ; 

i = V 

Because use of loop-index variables in 
inner loop expressions is common, 
eliminating loop-induction variables. 
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along with associated strength reduc¬ 
tions, can greatly improve performance. 
Figure 4 shows an example of loop- 
induction variable elimination. 

Loop jamming minimizes loop- 
control overhead by coalescing code 
from loops sharing the same loop- 
control constraints into a single loop. 

To eliminate control overhead of a sec¬ 
ond loop, the two simple loops 

for( i = 0; i < 10; i+-l- ) 
a = b + c; 

for( i = 0; i < 10; i4--h ) 
d = e -P f ; 

could be united into the single loop 

for( i = 0; i < 10; i++ ) { 
a = b + c; 
d = e -f- f; 

} 

Because procedural optimization is re¬ 
quired to support loop jamming, it 
generally is not performed. No com¬ 
piler reviewed performs loop jamming. 

Closely associated with loop jam¬ 
ming is loop unrolling, which mini¬ 
mizes the number of passes through a 
loop by increasing the number of op¬ 
erations performed within each itera¬ 
tion. The array-initialization loop 

int al 3 ]; 
int i; 

for( i = 0; i < 3; i++ ) 
a[ i 1 = 0; 

translated by a nonoptimizing com¬ 
piler, might generate the following 
assembly-language equivalent: 

mov i,0 

LOOP: 

mov BX,i 
shl BX,1 
mov a[BX],0 
inc i 
cmp i,3 
jl LOOP 

The same code optimized by loop un¬ 
rolling eliminates the loop by replacing 
it witli three assignment instructions: 

mov a,0 
mov a + 2,0 
mov a + 4,0 

Although none of the reviewed 
compilers performs literal loop unroll¬ 
ing, a few optimized die loop by using 
processor-specific instructions. Many 
processors provide specialized instruc¬ 
tions to handle block data movement, 
memory initialization, and odier fre¬ 
quent data-handling situations. For ex¬ 
ample, string instructions with a repeti¬ 
tion prefix (on the 80.x86 family of 
microprocessors), execute faster than 


literal instructions in a loop. When pos¬ 
sible, an optimizing compiler should 
use the processor’s underlying instruc¬ 
tion to handle special-case situations. 
Applying processor-specific instructions 
to an extended version of the previous 
loop unrolling example: 

int a[ 10000 ]; 
int i; 

for( i = 0; i < 10000; i++ ) 
a[ i I = 0; 

produces the following 80x86 assembly 
code. This is much faster than either a 


loop solution or a lengthy equivalent 
set of in-line store instructions: 

mov CX, 10000 

mov i,CX 

sub AX,AX 

mov DI,oflset a 

push DS 

pop ES 

cld 

rep 

stosw 

Minimizing function-call overhead 
can reduce execution time significantly 
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ten under Microsoft Windows l.OX. 

The Colorgrafix 100 maximizes speed, 
too. It produces a full-color 8 V 2 "xH" page or 
transparency in about a minute. An ll"xl7" 


page in under two. Other printers can take 30 minutes, 
even longer. In print qu^ity, its 300x300-dot-per-inch 
resolution equals electrostatic printers that cost 
three times more. 

This enhanced performance comes firom a power¬ 
ful QMS controller that uses the new 40-MHz 
TI 34010 graphics processor. With 12 
megabytes of RAM it gives you more accu¬ 
rate color reproduction on the most compJ 
applications. And with 26 resident ^e 
fonts, it gives you more flexibility. To get 
the facts in living color, call 1-800-631-2692, ext. 119. 


QMS 

More Useful Solutions. 

The following are trademarks of their respective companies: AutoCAD of Autodesk, Inc., CGI and DGIS of Graphic Software Systems, Inc., Microsoft of Microsoft 
Corp., TI of Tfexas Instruments, In*a* Vision of Micrografx, Inc., and DesignCAD of American Small Business Computers, Inc. © 1988 QMS, Inc. 
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Like most C compilers, Microsoft C 5.0 passes parameters to functions by pushing them on the stack. Each time a function 
is called, overhead is incurred because the function must establish addressability to the stack-based parameters. However, 
the WATCOM C 6.0 compiler eliminates stack overhead by passing as many function parameters as possible in registers. 


in a structured program. When a func¬ 
tion call is performed, parameters are 
passed to the called routine on a RAM- 
based stack. Instruction sets of some 
processors contain instructions that 
support C and other structured high- 
level languages by establishing addres¬ 
sability to the stack frame before enter¬ 
ing the function code and pruning the 
stack frame upon exiting. 

Starting with the Intel 80186, the 
80x86 family of microprocessors pro¬ 
vide ENTER and LEAVE instructions to 
aid function-call processing. Usefulness 
of the ENTER instruction is diminished 
because it is much more costly in pro¬ 
cessor cycles than pushing the base 
pointer, moving the stack pointer to 
the base pointer, and subtracting the 
bytes to be allocated to die frame from 
the stack pointer. 

An alternative to using a stack to 
pass parameters to a function is to es¬ 
tablish a well-defined protocol and pass 
as many parameters as possible in reg¬ 
isters. If enough registers are available 
to handle all function parameters and 
the called function uses no local varia¬ 
bles, then the code for the function 
prologue and epilogue (usually re¬ 
quired to establish stack-frame addres¬ 
sability) need not be generated, watcom 
C 6.0 uses this approach (see figure 5). 
A significant increase in speed is 
achieved because not only are instruc¬ 
tions eliminated, but parameters al¬ 
ready are enregistered and can be op¬ 
erated upon more efficiently. 

Most C compilers permit develop¬ 
ers to specify which processor instruc¬ 
tion set to use in code generation. Al¬ 
though processor-specific instructions 


can speed program execution, using 
them may limit the number of ma¬ 
chines on which a program can run. 

For speed-critical situations, in-line 
expansion of functions can help elimi¬ 
nate function-call overhead. Some com¬ 
pilers provide a set of commonly used 
intrinsic functions, such as abs, to re¬ 
place statements that would otherwise 
generate function calls. This optimiza¬ 
tion is useful for inner loops that exe¬ 
cute many times. Available intrinsic 
functions are compiler-dependent. 

A compiler that generates native 
code for a math coprocessor speeds 
code that performs many floating-point 
operations. To support a math copro¬ 
cessor and maximize floating-point effi¬ 
ciency, an optimizing compiler should 
generate in-line sequences of native co¬ 
processor instructions, as opposed to 
using a software emulation of floating¬ 
point functions. 

When translating conditional in¬ 
structions, compiler code generators 
occasionally generate jump instructions 
that transfer control to other jump in¬ 
structions. In optimizing compilers, 
jump-chain compression simply 
changes linked sets of jumps into a sin¬ 
gle jump from the origin of the jump 
chain to tlie final destination. 

TO OPTIMIZE OR NOT? 

Optimization is not a panacea, nor is 
its application without cost. Depending 
on the degree of optimization, the time 
required to compile a program might 
be greatly increased. For smaller pro¬ 
grams, the time required might not be 
noticeable, but for larger applications, 
it might be considerable. 


Optimization also can complicate 
program debugging by generating code 
that is difficult to associate directly with 
source statements in the program. It 
inadvertently can introduce errors into 
code generated from perfectly legiti¬ 
mate program source code. Variable 
aliasing, in which a variable is refer¬ 
enced both directly and through one 
or two pointers, can make it difficult 
for a compiler to determine whether a 
variable is alive and therefore must be 
maintained, or whether it is dead and 
then can be stored. 

Invariant code motion can be a 
potential source of errors. In the loop, 

int a[ 10 1, X, y; 
for( i = 0; i < 10; i++ ) 
if( y != 0 ) 

a[ i 1 = X / y; 

an optimizing compiler might deter¬ 
mine that the expression x / y is invari¬ 
ant and hoist it out of the loop, negat¬ 
ing the check for a 0 value, and creat¬ 
ing a possible divide-by -0 situation. 

When a compiler performs loop- 
induction optimizations, it unintention¬ 
ally can cause overflow situations be¬ 
cause it can restructure calculations 
involving loop indexes. In tlie earlier 
example that optimized using invar¬ 
iant-code motion and loop-induction 
variable elimination, the induction vari¬ 
able i was removed, resulting in: 

Ti = j + k; 

for( X = 0; X < Ti * V; X += T, ); 

In this case, because the values of 7 , k, 
and V are not known, a possible over¬ 
flow condition exists for the expression 
Tj ^ v\ the loop might not terminate. 
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V\feVe Opened Up All Kinds Of Possibilities. 


TelOAS'“ fromXeleVideo.® Open 
Architecture Solutions'” that can 
be anything you want them to be. 

The new TelOAS solutions 
are entirely new ways of looking at 
TeleVideo computers. Very flexible 
systems that give you the choices you 
need to build the system you need 
now, then easily expand and up¬ 
grade later. 

Choose the cabinet with the 
proper number of slots you need: 4, 

8 or 12. Choose the CPU you want: 
8088,80286 or 80386. Choose the 
drives you want, the monitor you 
want, the keyboard, the footprint and 
the price you want. Choose the soft¬ 
ware to match your needs: MS-DOS^ 
MS-OS/2: UNIX® System V.3, Net¬ 
Ware',” and others. With the TelOAS 
Systems, the choices are all yours. 

The TelOAS/1 cabinet has a 


passive back plane with 4 board slots. 

It accepts TelOAS 8088 or 80286 
boards in a low-profile, small- 
footprint case that fits anywhere. 

The TelOAS/11 cabinet has 8 
board slots, room for 4 half-height 
drives, and accepts 80286 or 80386 
boards. With the right peripherals, 
you have an affordable small-footprint 
workstation that runs both MS-DOS 
and UNIX System V.3. 

The TelOAS/111 cabinet has 12 
board slots, room for 2 full-height and 
2 half-height drives, and accepts 
80286 or 80386 boards. With the right 
peripherals and software, you get a 
powerful 386 engineering workstation, 
a LAN fileserver, or a multi-user 
host system. 

The TelOAS Open Architecture 
Solutions use the most advanced 
surface-mount technology to reduce 


the number of components and make 
the systems easier to service. The 
diagnostic features give you extensive 
tests of hardware. Together with our 
TeleVideo one-year limited ON-SITE 
warranty,* you’re sure of getting 
quality products that give you the 
most for your money. 

For more information on the 
new Open Architecture Solutions 
that can be anything you want them 
to be, call toll-free, or write today. 

TeleVideo Systems, Inc. 

1170 Morse Avenue, Sunnyvale, CA 
94088-3568. 

TfeleVided 

THE VISION YOU NEED TO SUCCEED. 

Call 1-800-835-3228 


1988 TeleVideo Systems^ Inc TclO.AS and Open Architecture Solutions are trademark*., and TeleVideo is a repisteted tnidemark of TeleVideo Systems, Inc MS-DO.Sand MS-OS/2 are trademarks of 
Microsoft, Inc. NetWare is a trademark of Novell, Inc; UNIX is a rcgi.stered trademark of American Telephone and Telegraph.Company. *U S. only. This device has no» ocen approved by the Tcderal 
Communication.s Commission. This device IS not, and may not be, oflered for sale or lease, or sold or leased unttl the uppro'.’al of the FCC has been obtained. 
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POLISHED C CODE 


INTRODUCING A BENCHMARK 

PC Tech Journal has developed a C 
optimization benchmark (see listing 1) 
to help evaluate optimization capabili¬ 
ties of C compilers. The benchmark 
checks the degree of optimization per¬ 
formed by a compiler. To provide a 
comparative basis for performance 
measurements, PC Tech Journal C per¬ 
formance benchmarks were run for 
each compiler with optimization en¬ 
abled; the results for each compiler are 
summarized in table 1. Figure 6 shows 
the optimization options used with 
each compiler for both benchmarks. 
Performances can be compared with 
nonoptimized measurements reported 
in the February 1988 cover suite (see 
p. 62 and p. 80). 

For both the performance and the 
optimization benchmarks, the goal was 
to find the fastest possible code that 
could be generated by each compiler. 
Where a compiler provided options for 
code generation, they were chosen to 
favor time over space improvement, 
generate 80286 and in-line 80.x87 in¬ 
structions, and disable stack overflow 
checks. Thus, the minimum system re¬ 
quired to run the benchmarks as com¬ 
piled is an 80286 machine with an 
80287 math coprocessor. 

Many of the compilers also have 
options to generate code for an 80186 
or NEC V20A^30 processor, which 
could be used for XT-class machines 
(see “Chips in Transition,” Bob Smith, 
April 1986, p. 56). These processors 
share most features of the 80286 except 
for protected-mode instructions, so the 
code generated for them is typically the 
same as for the 80286. 

Results of the performance bench¬ 
marks are summarized in table 1 for 
each compiler in the small and large 
memory models. Tests in the perfor¬ 
mance benchmark suite were arranged 
into functions that were called from a 
main driver routine. The entire suite 
was compiled and linked into a single 
.EXE file. Some of the benchmark rou¬ 
tines execute so quickly that a single 
call to the benchmark function could 
not be measured accurately; in those 
cases, the function is called multiple 
times from the driver routine to in¬ 
crease the runtime to a measurable 
quantity. Iteration counts used for each 
test are shown in table 1. 

One correction should be noted 
when comparing the results in table 1 
to those in the February 1988 issue. 

The two tests using register variables 
(pointer use and sieve) were given in 
February for 100 iterations rather than 
20. Since a direct comparison of the 


FIGURE 6: Command Lines 


BORLAND TURBO C 1.5 

: tcc -1 -f87 -N- -S -0 -G -Z -r optbench.c 


COMPUTER INNOVATIONS C86PLUS 1.10 

: cc -DN0_ZER0_DIVIDE=1 -c -FPi87 -Oatx 
-G2 -Fa optbench.c 


DATAUGHT OPTIMUM-C 3.14 

: did optbench.c -f -g 
dig optbench.tmp +vbe +all 
dlc2 optbench.tmo 


LATTICE MS-DOS C 3.2 

; Ic -d,-k2 -f -V optbench.c 


MANX AZTEC C86 4.0 

: cc -A +A -B -T +F +2 +ef optbench.c 


METAWARE fflGH C 1.4 

: he optbench.c -def N0_ZER0_DIVIDE=1 
pragma Off(Check_stack,'"check_subscn‘pt) 
pragma 0n(286, asm, auto_reg_alloc) 
pragma On(floatingjx)int, optimize_xjmp) 
pragma On(optimize_xjmp_space, use_reg_vars 


MICROSOFT C 5.0 

: cl -DN0_ZER0_DIVIDE=1 -c -G2 -Fc 
-Ox optbench.c 


MICROSOFT QUICKC 1.0 

: qcl -c -G2 -FPi87 -Ox d:\optbench.c 


WATCOM C 6.0 

: wee d:\optbench.c /d1 /oUt /s /2 /7 


Executable code for the optimization 
and performance benchmarks that 
were used in this article was gener¬ 
ated with the compiler directives 
contained in these command lines. 


test with and without the use of regis¬ 
ter variables is useful, the register vari¬ 
able tests are run for 20 iterations in 
table 1. Also note that the numeric tests 
that appear in table 1 were performed 
for in-line 80x87 code in botli small 
and large models, rather than compil¬ 
ing and linking with an 80x87-sensing 
emulator library. 

Because the optimization bench¬ 
mark code is intended to verify the 
presence or absence of particular types 
of optimizations, it consists of a num¬ 
ber of discrete, disassociated code frag¬ 
ments rather than a coherent problem- 
oriented code body. The benchmark is 
structured as a main function, contain¬ 
ing most optimization code fragments 
and several separate functions, with 
and without arguments. These functions 
illustrate not only specific optimiza¬ 


tions, but also the function prologue 
and epilogue optimizations that are 
performed. In order to provide a maxi¬ 
mum opportunity for optimization 
predicated on the life span of a particu¬ 
lar variable, most benchmark variables 
are global. Many opportunities have 
been provided specifically for common 
optimizations such as dead-store elimi¬ 
nation, constant propagation, and varia¬ 
ble enregistering. 

The process of optimizing code 
is complex, and the degree of perfor¬ 
mance improvement depends not only 
on the type and sophistication of a 
compiler’s optimization techniques but 
also on how a program’s source code 
is written and structured. Performance 
also depends on how variables and 
expressions are used within it. 

Table 2 summarizes the optimiza¬ 
tions performed by each compiler on 
the benchmark code. Each compiler 
reviewed performed the most rudimen¬ 
tary forms of optimization, such as con¬ 
stant folding and algebraic simplifica¬ 
tion. Most performed some intermedi¬ 
ate level of optimization, including 
strength reduction and common-subex¬ 
pression elimination. A few performed 
high-level optimizations, such as invar¬ 
iant-code motion and the elimination 
of loop-induction variables. None suc¬ 
cessfully performed loop jamming, and 
only Datalight Optimum-C made a he¬ 
roic, but futile, effort at very busy ex¬ 
pression elimination. 

Borland International. The output from 
the Turbo C compiler reveals reason¬ 
able but not highly optimized code. 
Besides constant folding, elimination of 
redundant loads, and algebraic simplifi¬ 
cation, the compiler performed only 
strength reduction, dead-code elimina¬ 
tion, and enregistering. It did not sup¬ 
port other common forms of optimiza¬ 
tion, such as elimination of dead stores, 
common subexpressions, and loop- 
induction variables, as well as invar¬ 
iant-code motion. 

Turbo C enregistered variables and 
handled function prologues and epi¬ 
logues intelligently, pushing and pop¬ 
ping only those registers explicitly used 
within the body of a function. 

Computer Innovations Inc. The C86Plus 
compiler produced good code with an 
intermediate level of optimization. It 
performed basic optimizations, such as 
constant folding and copy propagation; 
however, it did not propagate constants 
to eliminate dead stores. 

Although successfully performing 
algebraic simplification, the compiler 
incurred unnecessary overhead by plac¬ 
ing results in registers instead of as- 
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signing them to their variables. This 
appears to have been a misplaced at¬ 
tempt at enregistering because within a 
few statements, the results actually had 
to be assigned to their variables. 

The C 86 Plus compiler’s dead-store 
elimination, although successful in re¬ 
ducing duplicate in-line assignment in¬ 
structions to a single assignment, was 
inconsistent. The single dead store in 
the dead__code function was the only 
instruction remaining after the com¬ 
piler had eliminated dead code from 
the function. 

C 86 Plus is one of the few compil¬ 
ers reviewed that transformed the sim¬ 
ple array assignment in the loop un¬ 
rolling Junction to an equivalent 80x86 
STOSW instruction with a REP prefix. 
For its reasonable level of optimization 
in other areas, however, the compiler 
failed to resolve the jump chain in the 
jump__chain__compression function to 
a single jump. It performed no signifi¬ 
cant loop optimizations. 

Datalight Inc. With Optimum-C, Data- 
light became one of the first vendors 
to advertise an optimizing compiler. 
Although the benchmark suite does not 
explicitly verify Datalight’s claim of 
global optimization, Optimum-C per¬ 
formed so well in some areas of the 
benchmark suite that it illuminated 
weak areas of the suite, requiring mod¬ 
ifications to force the desired test. For 
example, in the first version of the 
jump_compression function, no value 
was returned, making all calculations 
and assignments within the function 
dead. Optimum-C detected this condi¬ 
tion and optimized out most of the 
code in the function, including the 
jump chain. 

In the test for constant and copy 
propagation, Optimum-C determined 
that the assignments to i5 in both con¬ 
ditionals were dead due to a subse¬ 
quent assignment; the compiler opti¬ 
mized out not only the assignments but 
also conditional statements. 

Dead-store elimination was incon¬ 
sistent. Optimum-C eliminated one 
dead assignment, i = k5, in the con¬ 
stant and copy propagation test and the 
dead assignment in the dead_code 
function. It did not eliminate a second 
dead assignment, i = 2 , in the constant 
and copy propagation test ov k3 = 1, 
the duplicate in-line assignment. 

Optimum-C is the only compiler 
that attempted very busy expression 
optimization. An examination of the 
generated code indicates that the com¬ 
mon expression, i5 + i2, was hoisted 
out of the first basic block of the con¬ 
ditional but not out of the second. 


TABLE 1; optimized Perfot^iance Benchmark Summary 



BORLAND 

COMPUTER 

INNOVATIONS 

DATALIGHT 

COMPILER 

Turbo C 

C86P1US 

Optimum-C 

VERSION 

1.5 

1.10 

3.14 

PRICE 

$99.95 

$497 

$139 

PROGRAM SIZE (KB) 

35/40 

30/38 

33/40 

GENERAL OPERATIONS^ 

Function calls (Fibonacci) 

ts.on.i 

7.6/8.2 

6.0/7.6 

Integer arithmetic 

7.0/7.0 

8.5/8.5 

63/63 

Long arithmetic 

29 .0/29.0 

23.4/23.9 

263/26.9 

Subscripts 

7.9/9.9 

7.9/11.4 

5.9n.9 

Pointer use 

6.2/15.3 

12.9/19.2 

6.8/15.3 

With register variables 

6 .8/15.2 

10 .3/19.8 

6.8/15.3 

Sieve 

5.0/5.0 

5.8/5.8 

4.3/3.8 

With register variables 

6.4/6.5 

4.614.6 

4.3/3.8 

FILE OPERATIONS 

Read and write ^ 

Diskette to diskette 

8 .2/8.2 

8.3/8.3 

8.3/8.2 

Hard disk to hard disk 


3.9/3.9 

5.9/53 

Getc and putc ^ 

Diskette to diskette 

49.8/50.6 

45.6/50.1 

13.5/49.4 

Hard disk to hard disk 

17.6/18.4 

18.9/21.1 

5.5/17.3 

80x87 OPERATIONS 

Add/multiply (dot product)" 

3.1/3.1 

2 .8/2.8 

3.1/3.1 

Exponential logarithmic^ 

l.O/l.O 

1.3/1.3 

1 .3/1.2 

Sin/tan (trigonometric functions)^ 

l.l/l.l 

1.5/1.5 

1 .2/1.3 

All times are in seconds, shoum for small/large memory model. 

Tests were petfomied on a 6-MHz IBM PC/AT with an 80287, with FILES = 20 and 
BUFFERS = 20 in CONFIG.SYS. 

Values within 10 percent of the bestfor each test are shown in boldface. 

" 20 it&'ations. * 1 iteration. ^ 2 iterations. ^10 itetntions. 



Beyond the standard usage con¬ 
straints imposed by the 80x86 family, 
Optimum-C used registers intelligently. 
In the jump_compression function, 
every passed parameter was assigned 
to a register; except for the initial en¬ 
registering, no memory references ex¬ 
isted within the body of the function. 

The one important area in which 
the Optimum-C compiler needs im¬ 
provement is loop optimization. The 
compiler did not attempt invariant-code 
motion, and it did not eliminate loop- 
induction variables. 

The performance benchmarks 
show that Datalight’s compiler handles 
getc/putc I/O very efficiently, and it 
turns in respectable times for the re¬ 
mainder of the tests. 

Lattice Inc. The venerable Lattice MS- 
DOS C compiler has been enhanced 
incrementally with each release. Al¬ 
though known for generating stable, 
predictable code, it performed only a 
modest level of optimization. In addi¬ 
tion to handling constant folding, alge¬ 
braic simplification, and other basic 
optimizations. Lattice C performed 
strength reduction, jump-chain com¬ 
pression, and common subexpression 


elimination. It eliminates neither the 
duplicate in-line dead store after the 
intrinsic function test nor the dead as¬ 
signment in the dead__code function. 
Although it did not generate any code 
for the dead printf statement in the 
dead__code function, the Lattice com¬ 
piler generated an unnecessary uncon¬ 
ditional jump to LEAVE, which is the 
next instruction. 

The only machine-specific instruc¬ 
tions generated were 80x86 ENTER and 
LEAVE for function prologues and epi¬ 
logues. This was a mixed blessing be¬ 
cause ENTER takes more clock cycles 
than does establishing stack-frame ad¬ 
dressability with discrete instructions. It 
performed no loop optimizations. 

Manx Software Systems Inc. The Aztec 
C 86 compiler generated good code 
with a respectable level of optimiza¬ 
tion. Beyond constant folding and alge¬ 
braic simplification, Aztec C 86 per¬ 
formed strength reduction and 
common-subexpression elimination. It 
did not, however, handle dead stores 
or eliminate dead code. Aztec C 86 
obligingly generated code for the dead 
printf statement along with an uncondi¬ 
tional jump around it. 
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UTTICE 

MANX 

METAWARE 

MICROSOFT 

WATCOM 

MS-DOS C 

Aztec C 

HighC 

C 

QuickC 

WATCOM C 

3.2 

4.0 

1.4 

5.0 

1.0 

6.0 

$500 

1499 

$595 

$450 

$99 

$295 

34/41 

20/24 

33/44 

28/39 

31/44 

25/30 

7.5/8.1 

7.9/8.6 

6.9/9.5 

6 .1/6.0 

6.5/7.5 

3.8/4.5 

7.7/7.7 

9.1/9.2 

5.8/5.8 

5.3/5.2 

6 .8/6.8 

3.7/3.8 

23.3/24.3 

23.9/24.2 

27.8/29.1 

23.9/24.8 

27.8/28.7 

20 .0/21.0 

n.0/34.9 

9.0/10.5 

7.1/7.8 

4.8/7.2 

7.9/11.3 

5.4/5.5 

12.3/58.5 

12.8/15.3 

5.4/15.3 

5.1/9.8 

7.8/17.8 

6 .1/6.2 

12 .8/58.6 

7.8/15.3 

5.2/15.3 

5.1/9.8 

i.ini.8 

5 .6/6.2 

7.1/6.9 

7.6/7.6 

5.4/5.6 

4.2143 

5.3/5.4 


6.9/7.0 

5.9/6.1 

5 .8/6.0 

4.2/43 

6.5/6.5 

3.2/3.4 

8 .2/8.2 

8 .3/8.2 

8 .0/8.0 

S.5/8.2 

8.2/8.3 

8 .2/8.2 

3.9/3.7 

3.9/2.8 

1.0/0.9 

3.3/3.8 

3.9/3.4 

3.4/3.4 

51.3/51.5 

28.6/27.7 

39.8/39.8 

40.0/40.0 

40.0/40.0 

51.2/51.3 

21.0/26.0 

12 .5/11.0 

16 .0/15.2 

14.8/15.7 

16 .1/16.0 

19 .2/20.1 

4.7/4,7 

2 .6/2.6 

2 .6/2.1 

1.7/1.7 

3.1/3.0 

1 .8/1.8 

1.3/1.3 

1 .1/1.1 

1 .1/1.2 

l.O/l.O 

1.2/1.3 

0.9/0.9 

1,9/1.9 

1.3/1.3 

1 .1/1.2 

1 .1/1.1 

i.m.A 

l.O/l.O 


Compilers were set to optimize for speed and to use 80286 and in-line 80287 
code. All the CPU-intensive tests were won by watcom and Microsoft, No com¬ 
piler had consistently good times for the I/O tests in large and small models. 


Because any C program will make 
a significant number of function calls, 
the overhead of each function call 
should be minimized. Aztec C86 takes 
an unorthodox but effective approach 
to this problem. The compiler creates 
assembly language output that it runs 
through a separate assembler. In the 
output, it inserts conditional assembly 
directives around the code to set up 
the stack frame and save registers. After 
generating code for a function, the 
compiler defines symbols to control 
stack frame setup and save only those 
registers used in the function. 

Aztec C86 failed to resolve the 
jump chain into a single jump to the 
final destination, and it performed no 
loop optimizations. 

Metaware Inc. High C produced good 
code with an intermediate level of opti¬ 
mization. The compiler performed all 
basic optimizations, including constant 
folding and algebraic simplification 
along with redundant-load suppression, 
strength reduction, and common-subex¬ 
pression elimination. Metaware’s com¬ 
piler eliminated the dead code from 
the dead_code function but not the 
dead store. 


High C made intelligent use of 
machine-specific instructions. The com¬ 
piler facilitated floating-point constant 
loading by using the 80.x86 string move 
instruction, MOVS, to store the 
floating-point value computed at com¬ 
pile time. It also generated an 80.x:86 
LEAVE instruction for function pro¬ 
logues, but established stack-frame ad¬ 
dressability in function prologues by 
generating discrete instructions ratlier 
than the more time-expensive 80x86 
ENTER instruction. 

The High C compiler did not per¬ 
form invariant-code motion, an impor¬ 
tant loop-optimization technique, nor 
did it successfully apply induction vari¬ 
able elimination. Intrinsic functions are 
supported for a few numeric and string 
operations such as strlen. 

Microsoft C. In version 5.0 of its C 
compiler, Microsoft Corporation brings 
a high level of code optimization to the 
PC marketplace. 

Microsoft pays much attention to 
loop analysis. C 5.0 is the only com¬ 
piler reviewed here that performed 
invariant-code motion and true loop- 
induction-variable elimination. The 
Microsoft C 5.0 compiler made excel¬ 


lent use of registers, attempting to min¬ 
imize memory accesses within the 
body of loops (see figures 4 and 5). 

The simple loop example in the 
benchmark code illustrates the degree 
of loop optimization performed by 
Microsoft C 5.0 (see figure 3). The 
compiler applied strength reduction 
and completely removed the constant 
multiplies, determined the termination 
state of variables j5 and k5, and enreg- 
istered all variables within the loop. 

Another good example of loop 
optimization by Microsoft C 5.0 is re¬ 
flected in the unnecessary_loop func¬ 
tion. The C 5.0 compiler eliminated the 
for loop and generated code only in 
order to satisfy the termination state of 
the loop-index variable and the state¬ 
ment embodied in the loop. The com¬ 
piler also used registers well. 

Microsoft’s attention to optimiza¬ 
tion pays off in the performance 
benchmarks. It turns in times that are 
at or near the top in every category. 
Microsoft QuickC. When it comes to 
code optimization, QuickC is as naive 
as C 5.0 is sophisticated. The code gen¬ 
erated by the QuickC compiler was 
almost literal, complete with redundant 
loads, dead stores, and jumps to jumps. 
The compiler applied only the most 
basic optimizations, constant folding, 
and some algebraic simplification. It 
generated dead code, placed a jump 
around it, and failed to perform jump- 
chain compression. 

To its credit, the compiler handled 
function prologues and epilogues intel¬ 
ligently, using discrete instructions for 
establishing stack-frame addressability 
on entry and LEAVE instructions upon 
exiting. Only registers used in the body 
of a function are pushed upon entry 
and popped on exit. 

QuickC was included in this re¬ 
view because it has a command-line 
optimization switch (-Ox). Given the 
literal nature of the code it generates 
QuickC was clearly designed to be a 
fast prototyping compiler and not an 
optimizing compiler. 

WATCOM. The newest contender jockey¬ 
ing for position in the C compiler mar¬ 
ket is WATCOM C 6.0 (see this month’s 
Product Watch by Philip N. Hisley, 
p. 140). C 6.0 produced tight code that 
makes excellent use of the rather lim¬ 
ited register complement of the 80x86 
family. Besides performing fundamental 
optimizations, it supported strength 
reduction and dead-code and 
common-subexpression elimination. 

Whereas Microsoft addressed per¬ 
formance improvement of its compiler 
through loop optimization, watcom 
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TABLE 2: optimization Benchmark Summaiy 



BORLAND 

COMPUTER 

INNOVATIONS 

DATALIGHT 

COMPILER 

Turbo C 

C 86 Plus 

Optimum-C 

VERSION 

1.5 

1.1 

3.14 

OPTIMIZATIONS 

Constant folding (integer) 

• 

• 

• 

Constant folding (float) 

• 

• 

• 

Constant propagation 

o 

o 

• 

Copy propagation 

• 

• 

• 

Arithmetic simplification 

• 

• 

• 

Divide-by-zero suppression 

o 

• 

O 

Subexpression elimination 

o 

o 

• 

Strength reduction 

• 

• 

• 

Redundant-load/store elimination 

• 

0 

• 

Dead-code elimination 

• 

• 

• 

Dead-store elimination 

o 

• 

• 

Machine-specific instructions used 

o 

• 

o 

Intrinsic function support 

o 

o 

o 

Enregistering 

• 

• 

• 

Native floating-point usage 

• 

• 

• 

Jump-chain compression 

• 

o 

• 

Invariant-code motion 

o 

o 

o 

Loop-induction-variable 

o 

o 

o 

elimination 

Loop elimination 

o 

o 

o 

Very busy expression elimination 

o 

o 

o 

Loop unrolling 

o 

o 

o 

Loop jamming 

o 

o 

o 

9 = Yes O = No 
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gained speed by cutting function-call 
overhead to an absolute minimum. It 
achieved this feat by foregoing stack 
parameter passing and instead passed 
function parameters in registers. 

WATCOM s dead-code elimination 
was ruthless. Not only did C 6.0 re¬ 
move the dead store and the dead 
code within the function, it also elimi¬ 
nated the function prologue and epi¬ 
logue and reduced the entire function 
to a simple return by tagging the func¬ 
tion name onto the return instruction 
of the main function. To complete the 
task, the compiler eliminated the local 
,call to the function. 

As sophisticated as C 6.0 is in ex¬ 
punging the dead function, it failed to 
eliminate the simple duplicate dead- 
store situation. Just as with Optimum-C, 
the most significant area that watcom C 
6.0 failed to address is loop optimiza¬ 
tion. It did not support invariant-code 
motion or loop-induction elimination. 
Although C 6.0 did not perform dis¬ 
crete-loop unrolling, it (along with the 
Datalight Optimum-C and Computer 
Innovations C 86 Plus) did use the 80x86 
REP/STOSW instruction sequence to ini¬ 
tialize the test array, thereby eliminat¬ 
ing the loop. 

watcom’s excellent code genera¬ 
tion, particularly the intelligent use of 
registers, gave it an important edge. In 
the performance benchmarks, it won 
the majority of the CPU-intensive tests 
and turned in better times for the large 
model than most of the others could 
muster for the small model, watcom’s 
weakness was in file I/O, using getc 
and putc; it came in near the back of 
the pack on these tests. 

THE LEADERS EMERGE 

By the prevailing definition, any com¬ 
piler tliat does not produce a literal 
translation of the source code is per¬ 
forming some form of optimization, 
even if the transformation is as low- 
level as constant folding. The minimum 
level of acceptable optimization will 
rise as commercially available code¬ 
generation technology provides more 
sophisticated and better optimizing 
techniques. At today’s level of technol¬ 
ogy, common-subexpression elimina¬ 
tion represents a minimum level of 
acceptable optimization. This level as¬ 
sumes that compilers that do perform 
common-subexpression elimination 
also will perform fundamental optimi¬ 
zations, such as constant folding and 
arithmetic simplification. 

Even with a minimum level estab¬ 
lished, evaluating individual compiler 
capabilities is complicated by the many 


disparate forms of optimization. A com¬ 
piler might use registers well but not 
support common subexpression elimi¬ 
nation. Because optimizing code de¬ 
pends not only on applied techniques 
but also on the structure of the code 
being optimized, it is generally mis¬ 
leading to imply that one compiler is 
better than another solely by looking 
at isolated test cases. 

Although all nine compilers that 
were reviewed generate serviceable 
code, three of them—Datalight 
Optimum-C, Microsoft C 5.0, and wat¬ 
com C 6.0—perform code optimiza¬ 
tions that stand above the odiers. 

The Datalight Optimum-C compiler 
is a fast and impressive performer. It 
does extensive data-flow analysis and 
optimizes code that the other compil¬ 
ers do not even touch. 

Microsoft C 5.0 addresses loop 
optimization, which is one area with 
great potential for improving code per¬ 
formance. By applying invariant-code 
motion, the elimination of loop-induc¬ 
tion variables, and very good en- 
registering, Microsoft C 5.0 consistently 
produces excellent code. 


The WATCOM C 6.0 compiler rivals 
Microsoft C 5.0 in the degree of opti¬ 
mization it performs and actually gen¬ 
erates the fastest code in the PC Tech 
Jownal optimization benchmark. What 
WATCOM loses in less-than-optimal loops, 
it more than makes up in low 
function-call overhead, watcom C 6.0 
uses registers well, minimizing memory 
accesses and improving performance. 

Both Metaware High C and Com¬ 
puter Innovations C 86 Plus perform a 
respectable degree of optimization but 
are rapidly losing ground to the ad¬ 
vances made in compiler technology by 
Datalight, Microsoft, and watcom. 

No single vendor has the corner 
on optimization techniques for C com¬ 
pilers. Competitiveness in the market is 
forcing compiler vendors to extend 
technology and to provide the systems 
developer with better and more sophis¬ 
ticated C language tools. In the future, 
this sophistication could mean optimiz¬ 
ing compilers that provide even faster 
and tighter code. I nimiiiin ^1 


Philip N. Hisley is a technical editor for PC 
Tech Journal, specializing in languages. 
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While most of the C language compilers reviewed support simple forms of optimi¬ 
zation, such as constant folding and arithmetic simplification, only a few of them 
attempt more complex forms, such as common subexpression elimination. 


Borland International 
4585 Scotts Valle)} Drive 
Scotts Valley, CA 95066-9987 
408/438-8400 
Turbo C 1.0 

CIRCLE 338 ON READER SERVICE CARD 

Computer Innovations Inc. 
980 Shrewsbur}} Avetme 
Tinton Falls, NJ 07724 
800/922-0169; 201/542-5920 
C86PIUS 1.1 

CIRCLE 339 ON READER SERVICE CARD 

Datalight Inc. 

17505 68th Avenue NE, 

Suite 304 
Bothell, WA 98011 
800 / 221 - 6630 ; 206 / 486-8086 
Optimum-C 3-14 

CIRCLE 340 ON READER SERVICE CARD 

Lattice Inc. 

2500 S. Highland Avenue, 
Suite 300 

Lombard, IL 60148 
800/533-3577; 312/916-1600 
IHS-DOS C 32 

CIRCLE 342 ON READER SERVICE CARD 


Manx Software Systems Inc. 

1 Industrial Way 
Eatontown, NJ 07701 
800/221-0440 
Aztec C86 4.0 

CIRCLE 343 ON READER SERVICE CARD 

Metaware Inc. 

903 Pacific Avenue, 

Suite 201 

Santa Cruz, CA 95060-4429 

408/429-6382 

High C 1.4 

CIRCLE 345 ON READER SERVICE CARD 

Microsoft Corporation 
16011 N.E. 36th Way, 

P. O. Box 97017 
Redmond, WA 98073-9717 
800/426-9400; 206/882-8080 
Microsoft C 5.0; QuickC 1.0 

CIRCLE 346 ON READER SERVICE CARD 

WATCOM Products Inc. 

415 Phillip Street 

Waterloo, Ontario, CD N2L 3X2 

519/886-3700 

WATCOM C 6.0 

CIRCLE 347 ON READER SERVICE CARD 



YOUR NETWORK’S 
THROUGHPUT? 

Here's the solution! 


16-Bit ARC-CARD/AP" For 
AT COMPUTERS 

16-Bit ARC-CARD/MC™ For 
PS/2™ Micro Channel™ Computers 


One of the knottiest problems 
in network configuration is 
finding the right boards to 
maximize throughput. Thomas- 
Conrad’s 16-bit cards make the 
difference. 

Highest performance available tor 
ARCNETUANs 

► True 16-Bit data bus intertace 

► Up to 50% faster than 8-bit boards 

► IVortrs with EGA, EMS, 3278/79 
Emulation Adapters.. .all in the 
same workstation or tile server 


100% Burn-In, 2 -Year Warranty 


THOMAS-CON^DCORPORM^ 

Connecting to the Future 

8403 Cross Park Drive, Suite 1C, 
Austin, Texas 78754 

800 - 332-8683 

(In Austin, Texas, call 836-1935) 

See us at PC EXPO, Booth 1747 

ARCNET is a registered trademark of Datapoint 
Corp. PS/2 Micro Channel are trademarks of 
International Business Machines Corporation. 

CIRCLE NO. 158 ON READER SERVICE CARD 
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when you 
expect the world 
from your 
expert system. 



T | ired of being limited? It’s time to discover 
GURU—an expert system environment with 
comprehensive inference engine and rule 
I management controls. 

Incredible flexibility. 

GURU lets you design an expert system that runs 
exactly the way you want. By using fuzzy variables, 
certainty factors, reasoning rigor, rule selection order, 
and numerous environmental and utility variables, you 
have virtually unlimited control over the consultation 
environment. 

Unprecedented development efficiency. 


Using guru’s case saving and replay, you can track 
the effects that rule changes have on system behavior. 
You can also use meta rules to examine or alter other 
rules during a consultation. And using GURU’s knowl¬ 
edge tree, you can display the relationships and 
dependencies between an application’s rules, variables, 
and goals. 

Quick and thorough. 


By mixing forward and backward chaining, goal search 
time can be shortened dramatically. And, using GURU’s 
multiple rule firing capability you can re-fire rules 
as values change. GURU also comes equipped with 
seamlessly integrated 4th generation decision support 
capabilities such as data base, spreadsheet, and 
report generator. 


GURU runs on PCs, LANs, 
andVAXs. 

To find out how GURU can 
exceed your expectations, 
call 1-800/344-5832 or 
317/463-2581. 



mdbs^ 

P.O. Box 248 
Lafayette, IN 47902 
1-800/344-5832 
317/463-2581 


Explore the world 
of expert systems 
with GURU lUtor! 

This fiill-featured develop¬ 
ment environment allows 
you to prototype GURU 
applications using rule 
sets, data bases, spread¬ 
sheets, and more for only 
$75. To order, call us at 
1-800/344-5832 or write. 
VISA, MasterCard, and 
American Express accepted. 

GURU is a registered trademark of mdbs, Inc 
VAX of Digital Equipment Corp. 
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USTINGl: OPTBENCH.C 


/* . * 

I I 

I PC Tech Journal Benchmark Series | 

I C Code Optimization Benchmark 

I 

I Copyright (c) 1988 Ziff*Davis Publishing Company 

I 

I This benchmark code is designed to test the 


I code optimization techniques applied by a C 
I compiler. It does not produce meaningful results 
I when executed, or represent good style. 



#include <stdio.h> 

#include <string.h> 

#define max_vector 2 
#define constants 5 

typedef unsigned char uchar; 

int i, j, k , I, m; 

int i2, j2, k2; 

int g3, h3, i3, k3, tn3; 

int i4, j4; 

int iS, jS, kS; 


double 

fltJ, flt_2, flt_3, flt_4, flt_5, flt_6; 

int 

ivector[ 3 ]; 

uchar 

ivector2[ 3 ]; 

short 

ivector4[ 6 ]; 

int 

ivectors[ 100 ]; 

#ifndef NO_PROTOTYPES 

void 

dead_code( int, char * ); 

void 

unnecessary_loop( void ); 

void 

loop_jamming( int ); 

void 

loop_unrolling( int ); 

int 

jump_compression ( int, int, int, int, int ); 

#else 


void 

dead_code(); 

void 

unnecessary_loop(); 

void 

loop_janiningO; 

void 

loop_unrolling(); 

int 

] ump_conpr ess i onO; 

#endif 



int main( argc, argv ) /* optbench */ 

int argc; 
char **argv; 

C 

/*. * 

I Constant and copy propagation | 

* . */ 

j4 = 2; 

if( i2 < j4 && i4 < j4 ) 

iS = 2; 


j4 = kS; 

if( i2 < j4 && i4 < j4 ) 
iS = 3; 

/* . * 

I Constant folding, arithmetic identities | 

I and redundant load/store operations | 

* . */ 

13 = 1 + 2; 

fltj = 2.4 + 6.3; 
i2 = 5; 
j2 = i + 0; 
k2 = i / 1; 

14 s i * 1; 

15 = i * 0; 
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If you think writing program code 
is a dirty business, we have something 
to help you clean up your act. 

It’s called Matrix Layout. Layout 
lets you create programs that do 
exactly what you want, quickly and 
easily—without writing a single line 
of codQ. Layout does it for you auto¬ 
matically, in your choice of Turbo 
Pascal, Turbo C, Microsoft C, Quick- 
Basic or Lattice C. And if you’re not 
a programmer, you can even create 
programs that are ready-to-run. 

As the first true CASE (Com¬ 
puter Aided Software Engineering) 
development tool for the PC, Layout 
lets you write your programs simply 
by drawing an icon-based flow chart. 
They’ll have windows, icons, menus, 
buttons, dialog boxes, and beautiful 
graphics and text. Like the Macintosh 
and the OS/2 Presentation Manager. 

And because Layout is so effi¬ 
cient, everything you create will 
work incredibly fast, even on stan¬ 
dard PC’s with 256K and only one 
disk drive. To top it off, all your pro¬ 
grams will feature Layout’s auto¬ 
matic mouse support, sophisticated 
Hypertext functions, and decision 
handling. 

The full Layout package also 


comes with three additional programs: 

Matrix Paint is a professional 
paint program that comes with a full 
palette of high-powered graphics 
tools, plus scanner support. And any 
picture or symbol that you draw or 



1 Draw a flow-chart. 

2. Matrix Layout creates 
the program code. 

3. Your program Is complete. 




scan into Paint can be included in 
your program. 

Matrix Helpmaker allows you 
to include an electronic manual in all 
your programs. Context-sensitive help 
windows, a table of contents, index¬ 
ing, and the convenience of Hypertext 
functionality can now become a part 
of everything you create. 

Finally, Matrix Desktop gives 
you the ability to organize your files 
and disks in a very Macintosh-like 
easy to see, easy to use way. 

What’s the cost? At just $149.95 
for the entire package. Layout speaks 
in a language you’ll love to hear. 
Especially with our free customer 
support, no copy protection, and a 
30-day, money-back guarantee. 

Video Tape Offer 

Our new demonstration video¬ 
tape graphically illustrates how the 
many features of Matrix Layout will 
make a difference in your life. Call 
1-800-533-5644 and order your VHS 
copy now (just $9.95 for shipping 
and handling, credited against your 
purchase). In Massachussetts, call 
(617)567-0037. 

Do it today. Because once you 
see what Layout can do for you, we 
think you’ll swear by it. 


CIRCLE NO. 123 ON READER SERVICE CARD LAYOUT 

Matrix Software Technology Corporation • One Massachussetts Technology Center • Harborside Drive - Boston, MA 02128 • (617) 567-0037 


Matrix Sofiware/UK • Plymouth, England • 796-363 • Matrix Software/Belgium • Geldehaaksebaan 476 • 3030 Leuven • 016202064 
The following are registered and unregistered trademarks of the companies listed: Matrix Layout. Matrix Paint, Matrix Helpmaker, Matrix Desktop. 
Matrix Software Technology Corporation; Macintosh, Apple Computer, Inc.; OS/2 Presentation Manager, International Business Machines Corporation. 
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Goneasfar 
as your data bas^ 
can take you? 

MDBS m'can 
take you further. 

Y OU know the situation. You need to 

develop a system that will handle massive 
amounts of data and involves complex 
data relationships. And not only do you 
need it in an unreasonable time, it has to run on a PC 
or a mini. And on top of that, your current dbms 
simply can’t handle the job. 

Design real world schemas. 

MDBS ID supports data bases into the hundreds of 
megabytes and beyond, yet you 
can still retrieve data in Rec-1 ^ 

split-seconds. ^ J 

You can design a data 
base to represent 

structures as they are in the real world, capturing 
many-to-many, one-to-many, many-to-one, one-to-one, 
forked and recursive relationships. There’s no time- 
wasting, space-hungry dummy records or extra coding. 
Every time you modify your data structure, MDBS III 
modifies your data base automatically. 

Develop more efficient applications. 

MDBS III offers high performance with flexible data- 
structures, airtight data integrity, automatic recovery, 
password, encryption and read/write protection, trans¬ 
action logging, spur-of-the-moment query, report gen¬ 
eration, easy schema restructuring, and much, much more. 

From PCs to LANs to VAXs, see how far MDBS III can take 
you. Call 1-800/344-5832 or 317/463-2581. 



UK 


dbs 


P.O. Box 248 
Lafayette, IN 47902 
1-800/344-5832 
317/463-2581 


Technical specifications 

• records/data base—unlimited 

• fields/record—32,767 • max 
db size—4GB • records/set 
(file)—unlimited • fields/index 
—32,767 • indexes/record— 
2,500 • access codes—65,535 

• plus performance tuning, 
significantly reduced storage 
requirements, clustering, multi 
user, multiple language l/Fs 

MDBS 111 is a roistered trademark of 
mdbs, Inc. VAX of Digital Equipment Corp. 
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#ifndef NO_ZERO_DIVIDE 
/* 

* Some compilers correctly recognize a zero divide 

* error and do not generate any object code. 

*/ 

i2 = i / 0; 

flt_2 = fltj / 0.0; 

#else 

printf( “This compiler handles divide-by-zero as an error\n"); 

#endif 

flt_3 = 2.4 / 1.0; 
flt_4 = 1.0 + 0.0000001; 
flt_5 = flt_6 * 0.0; 
flt_6 = flt_2 * flt_3; 

/*.* 

I Dead store | 

—Iff —- V 

m 

k3 a 1; 

Ic3 = 1; 

/*.* 

1 Strength reduction j 

* . */ 

k2 = 4 * j5; 

forC i = 0; i <= 5; i++ ) 
ivector4C i ] = i * 2; 

/*.* 

I Simple loop | 

*. */ 

j5 = 0; 
k5 - 10000; 
do { 

k5 = k5 - 1; 
j5 = j5 + 1; 

i5 = ( k5 * 3 ) / ( j5 * constants ); 

> while ( kS > 0 ); 

/*.* 

1 Loop inckiction variable handling | 

*. */ 

forC i = 0; i < 100; i++) 
i vectors [ i*2 + 3]=5; 

/*. * 

I Very busy expression handling | 

* . V 

if( i < 10 ) 
jS = iS ♦ i2; 
else 

kS = iS + i2; 

/*. * 

I Check how the compiler generates the address | 

1 of a variable with a constant subscript, j 

1 copy propagation, and register propagation, j 

* . */ 

ivectorl 0 ] = 1; /* constant address generation */ 

ivector[ i2 1 =2; /* i2 should be a propagated value */ 

ivectorl i2 ] =2; /* register propagation */ 

ivectorl 2 ] = 3; /* constant address generation */ 


1 Common siijexpression elimination | 


if(( h3 + k3)<0l|(h3 + k3)>S) 

printfl“Common subexpression elimination\n“); 

else f 

m3 = ( h3 k3 ) / i3; 
g3 = i3 + (h3 + k3); 

> 
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SERIOUS DEBUGGING 
AT A REASONABLE 
PRICE 


Soft- 


All the speed and power of a hardware-assisted 
debugger at a software price 

Hardware-level break points 

REAL-TIME break points on memory locations, memory ranges, 
execution, I/O ports, hardware and software interrupts. More 
powerful break points than ANY software-only debugger on the 
market. Soft-ICE gives you the power of an in-circuit emulator 
on your desk. 



Break out of hung programs 
With a keystroKe - no external switch necessary, 
interrupts disabled. 


Even with 


Breaks the 640K barrier 

Soft-ICE uses ZERO bytes of memory in the first 1MB of address 
space. This is especially useful for those subtle bugs that change 
when the starting address of your code changes. With Soft-ICE 
your code executes at the same address whether the debugger is 
loaded or not. 

Works with your favorite debugger 
Soft-ICE can be used as a stand-alone debugger or it can add 
its powerful break points to the software debugger you already 
use. You can contmue to use your favorite debugger, but add 
Soft-ICE’s powerful break point capabilities to handle the tough 
problems that your debugger is not suited for. For example you 
suspect a BIOS call is over-writing your code, but you don’t know 
where. You pop up Soft-ICE, set a range break point across your 
code segments. If code is overwritten during the BIOS call 
Soft-ICE comes up with the location that was over-written. 
And this is aU done at full 80386 speed! 

Solve tough systems problems too 
Soft-ICE is ideal for debu^ng TSRs, interrupt handlers, self 
booting programs, DOS loadable device drivers, non-DOS 
operatmg systems and debugging within DOS & BIOS. Soft-ICE 
is also great for firmware development because Soft-ICE’s 
break pomts work in ROM. 



(, NEW! NEW! .NEW!,,NE^ 

RUN CODEVIEW 
IN ONLY 8K 

MagicCV 


CodeView is a great integrated debugger, but it 
uses over 200K of conventional memory. 
MagicCV uses advanced features of the 803^ 
microprocessor to rim CodeView in extended 
memory. This allows MagicCV to run 
CodeView using less than 8K of conventional 
memory on your 80386 PC. 

Don’t let 640K be your limit! 

If you are closing in on the 640K limit and would 
like the power of CodeView, MagicCV is for 
you. 

Don’t let the debugger change the bug! 

Even if you’re not closing in on the 640K 
limit, running CodeView with MagicCV 
makes your debugging environment much 
closer to the end user’s program environment. 
You can use CodeView to locate subtle bugs 
that only occur when there is plenty of free 
memory, or those difficult bugs that only 
occur when your program is running with a 
couple of TSRs loaded. 

How MagicCV works 

MagicCV uses the 80386 to create a separate 
virtual machine for CodeView. MagicCV 
uses between 4K & 8K of conventional memory 
as a bridge between the DOS environment 
and CodeView. 

MagicCV is easy to use 

If you are a CodeView user, you already know 
how to use MagicCV too. Everything is 
automatic. You can be solving problems within 
10 minutes of opening the package. 


How Soft-ICE Works 
Soft-ICE uses the power of the 80386 to 
surround your program in a virtual 
machine. This gives you complete control 
of the DOS envu*onment, while Soft-ICE 
runs safely in protected mode. Soft-ICE 
uses 80386 protected mode features, such 
as paging, I/O privilege level, and break 

E omt registers, to provide real-time 
ardware-level break points. 




It is a unique, effective solution to a wide 
range of critical debugging probiems" 

COMPUTER LANGUAGE - AprU 1988 


Ma^cCV $199 

Soft-ICE $386 

MagicCV & Soft-ICE $499 

CALL TODAY 
(603)888 - 2386 


t; 


SAVE $86 


30 day money-back guarantee 
Visa and Master Card accepted 

HU-MEGA TECHK OLOGIES 


PO Box 7607 
Nashua, NH 03060-7607 

Both require 80386 AT compatible or IBM PS/2 Model 80. 
MagicCV requires at leEist 384K of extended memory. 
CodeView is a trademark of Microsoft Corporation. 


J 


MagicCV with Soft-ICE 
Using Soft-ICE with 
CodeView gives you the 
features necessary for 
professional level 
systems debugging. 
MagicCV andSoft-ICE 
can work in concert with 
CodeView to provide Ae 
most powerful debusing 
platform you will find 
anywhere. As an extra 
bonus, by ordering both 
MagicCV and Soft-ICE 
together you save $86. 
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/* . * 

1 Invariant code motion | 

I (j * k) can be moved outside the loop. ] 

* . */ 


for( i4 = 0; i4 <= max_vector; i4++ ) 
ivector2C i4 ] = j * k; 

/* . * 

I Function call with arguments | 

* . */ 

dead_code( 1, “This line should not be printed" >; 

/* . * 

I Function call without arguments | 

* . */ 

unnecessary_loop(); 

> /* end of main */ 


j* ____..............__..........__ * 

I Function: dead_code | 

I Test for dead code and dead stores. | 

I NO code should be generated. | 

* .*/ 


void dead_code( a, b ) 
int a; 
char *b; 

C 

int idead_store; 


idead_store = a; 
if( 0 ) 

printfC "%s\n", b ); 

> /* end of dead_code */ 


Graphic 


Publication 
quality graphics 

on your IBM® PC 



• bar charts, Smith charts 

• 3D curves and surfaces 

• 6 curve types, 8 markers 

• thick lines and panel fills 

• 15 fonts, font editor 

• convert 4096 x 3120 resolution 
files to .PIC and .GEM formats 

• zoom, pan, window plots 

• high resolution printer 
and plotter dumps in color 

Over 150 C and assembler 
routines for full control 
$395 with source code. 

¥ 01 -personal use only. 


VJEK ™ 

DEC™ VT100ArT52 
and Tektronix 
4010, 4014, & 4105 
Terminal Emulator 

• 20 smart user-defined keys 

• large text scroll back buffer 

• hardware 132 columns 

• Kermit and XMODEM 

• up to 800x600 screen resolution 
on EGAs 

• zoom, pan, window plots 

• ‘hot key" to DOS 

• all VT100 keys supported 

• ANSII extensions to VT100 for 
multi-color text 

• scrolling VT100 window on 
graphics screen 

$150. Site and source code 
licenses available 
MOST HARDWARE IS 
SUPPORTED 

e-ED/r™ 


Fast binaiy editor for programmers. 
Only $29 


Scienflflc Endeavara Carpara+lan 


Route 4, Box 79 Kingston, TN 37763 (615) 376-4146 


/* . * 

I Function: unnecessary_loop | 

I The loop in the following function is | 

I not necessary since the value of the | 

I assignment is constant. Ideally, the \ 

I loop should be optimized out. | 

* -. */ 

void unnecessary_loop() 

C 

int x; 

X = 0; 

for( i = 0; i < 5; i++ ) /* loop should not be generated V 
k5 = X + j5; 

> /* end of unnecessary_loop */ 

/* . * 

I Function: Ioop_jamming | 

I The two loop in this function share | 

I the same loop conditions and could | 

I be coalesced together. | 

*.. */ 

void loop_jamming( x ) 
int x; 

C 

for( i = 0; i < 5; i++ ) 
k5 = X + j5 * i; 
for( i = 0; i < 5; i++ ) 
i5 = X * k5 * i; 

> /* end of loop_janming */ 

/* . * 

I Function: loop_unrolling | 

I The loop in this function should be j 

I replaced with three inline word stores | 

j using constant array arithmetic or by | 

I specialized machine instructions used | 

I for block memory initializiation. | 

* . */ 

void loop_unrolling( x ) 
int x; 

C 

for( i = 0; i < 6; i++ ) 
ivector4[ i ] = 0; 

> /* end of loop_unrolling */ 

/* . * 

I Function: jump_compression | 

I This awkward code is useful to illustrate | 

I jump chain compression. The goto 'end_1' can | 

I be replaced by a direct jump to 'beg_1*. | 

*. */ 

int jump_compression ( i, j, k, I, m ) 
int i,j ,1, m; 

C 

beg_1: 

if( i < j ) 
if( j < k ) 
if( k < I ) 

if ( I < m ) 

I += m; 

else 

goto end_1; 

else 

k += 1; 

else { 

j += k; 

end_1: goto beg_1; 

> 

else 

i += j; 

returnC i + j + k + I + m ); 

> /* end of jump_compression */ 


Listings can be doivnloaded using PCTECHline, 3011740-8383. 
Parameters: 2400112001300 bps, no parity^, 8 data bits, 1 stop bit 
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The best thin^ next to an 

IBM PC. Or any PC. 



The econonndcs of IBM ASCII displays. 

The affordable Models 310 and 410, when 
equipped with cartridges, offer PC terminal 
function for all multi-user PCs. That includes 
the IBM® RT-PC™ computer and the IBM PS/2 
family. 

What’s more. Models 310 and 410 offer 
many popular emulations. Optional cartridges 
provide features such as concurrent DEC™ and 
PC connectivity, and auto dial. Both models 
come with a 3-year warranty Add an IBM 
Maintenance Agreement, and you’ll get five 
years of IBM service for just $54. 




The ergonomics of IBM 
ASCII displays. 

They’re not only economically 
attractive, they’re easy to look at. 
Flat 14" screens offer non-glare 
viewing. Green or amber/gold 
short-persistence phosphors produce crisp 
character resolution. And each model uses the 
advanced 102-key IBM keyboard. 


“Whnt more information? Just ASCII!’ 


For a free brochure and to find a dis¬ 
tributor near you, call 1-800-IBM-7257 
ext. 89. Or call your IBM Marketing 
Representative. _ _ 



IBM is a registered trademark, and PS/2 and RT-PC are trademarks, of iBM Corporation. DEC is a trademark of Digital Equipment Corporation. © IBM 1988. 













































Powerful. 

The SAS System brings today’s power-hungry 
PC users efficient data management, an easy 
report generator, customized presentation 
graphics, superior statistics, and more. You 
get the strength and flexibility that make 
SAS software so indispensable on mainframes 
and minicomputers. 


Public 

Research Marketing Relations 


r. "I 1 





Major City Populations 


London 


Patient Load Report 

By Age 


Productive. 


The SAS System has integrated applications 
to use “as is” or customize to fit your needs. 
Plus a built-in micro-to-host link just for 
your PC. 

Read data in any format from any file 
including dBASE® and Lotus® l-2-3f Then 
analyze and display your data through 
interactive windows. 


40-59 Years 


13-20 Years 

0-12 Years 


60 and Over 


Tokyo 


Pans 


New York 


Mexico City 


Total Daily Patients: 396 


234567 89 

In Millions 11980 World Census! 


The SAS System runs on the IBM PC AT, XT, and PS/2; IBM 370/30xx/43xx and compatible mainframes: Digital Equipment Corporation’s VAX™ series minicomputers and workstations: 
Data General Corporation’s ECLIPSE* MV series; and Prime Computer, Inc.’s 50 series. Not all products are available for all operating systems. 


SAS is the registered trademark of SAS Institute Inc., Cary, NC, USA. dBASE is a registered trademark of Ashton-Tate. Lotus and 1-2-3 are registered trademarks of Lotus Development Corp. 
Copyright 01987 by SAS Institute Inc. Printed in the USA. 












Position the cursor and press ENTER to select chart variables 


After selecting, use END to close window 
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PCT 6/88 

I’d like to know more about the 
SAS® System for personal computers. 
Send me a free demonstration diskette, 
plus details about a free 30-day 
software trial. 


Name 


Company 


Mailing Address 


Telephone 


Mail to: SAS Institute Inc. 

Attn: CC 

SAS Circle □ Box 8000 
Cary, NC 27512-8000 


Telecommunications Division 


Source of Revenue 
in 1986 


Use of Revenue 
in 1986 


Local Service 4sr% 


Other 


Toll Service 


Coinnand 


Convnand 


By selacling the V6AR op Iioi 
menu, your output will look 
e)(htbi led below: 


Earnings 


Prove it on 
Your PC. 


TOTAL 


DOLLARS.2 


SAS Institute Inc. 

SAS Circle □ Box 8000 
Cary, NC 27512-8000 
Phone (919) 467-8000 
Fax (919) 469-3737 . 


The SAS System simplifies applications 
development AAdth a new menu-budding tool. 
Even first-time users will find it easy to 
analyze, report, and display data...just by 
filling in the blanks. 

Maintaining the SAS System is easy, too. 
You receive automatic updates and technical 
support. And high-quality training is avadable 
direct from SAS Institute. 


Water Sample Analysis 
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ALR’s FlexCacbe20386will appeal to power users 
favoririQ sbeed and affordabilitv over extensive 


COMPUTER 

SYSTEMS 


COMPATIBILITY 


PERFORMANCE 


options, technical manicals, and software support. 


Industrial- 


DAVID CLAIBORNE 


T O surv'ive in the highly competi¬ 
tive personal computer market 
dominated by IBM, a computer 
manufacturer has to serve a niche of 
the market better than anyone else. 
Advanced Logic Research Inc. (ALR) of 
Irvine, California, is pursuing two 
niches with its industrial-strength Flex- 
Cache series of 80386-based PCs. The 
first niche is the power user who wants 
maximum hardware performance for 
each dollar spent. The second is the 
original equipment manufacturer and 
value-added retailer (OEMAAR) who 
need highly customized vsystems. 

air’s FlexCache 20386 meets the 
needs of both niches. It is a 20-MHz, 
80386-based computer that runs slightly 
faster than the Compaq 386/20, as the 
PC Tech Journal benchmarks show. In 
the PC market, the FlexCache 20386 
yields the highest number of MIPS 
(million instructions per second) per 
dollar. At $10,000 witli a 300MB hard 
disk, it costs about $3,000 less than a 
comparably equipped Compaq. 

The FlexCache 20386 is designed 
with the expansion capability and flexi¬ 
bility required to satisfy the needs of 


many OEMs and VARs. A1.R has the abil¬ 
ity to quickly customize its machine.s to 
meet special requirements, yet is small 
enough that its engineers can person¬ 
ally interact with OEM and VAR custom¬ 
ers to develop custom packages. 

The FlexCache series evolved from 
ALR’s introduction of the ALR Access 
386 in July 1986. The Access 386 was 
the first. PC to use the Intel 80386 
microprocessor. Using the Intel iSBC 
386AT system board, with its l6-MHz 
CPU and interleaved memory, the Ac¬ 
cess 386 gives good performance at a 
reasonable price (see “ALR Access 386: 
Poised for Tomorrow,” Michael Abrash 
and Dan Illowsky, April 1987, p. 104). 
Subsequently, ALR designed its own 
system board, adding 80-nanosecond 
(ns) dynamic RAM (DI^AM) on a 32-bit, 
20-MHz bus, to create the 386/220. 

AI.R then reworked the 386/220 to 
produce its FlexCache series. Available 
in a l6-MHz version (the 16386) as 
well as the 20-MHz 20386, FlexCache 
computers incorporate the same Intel 
82385 memoity cache controller used 
in the Compaq Deskpro 386/20 (see 
“Full Speed Aliead,” David Claiborne, 


March 1988, p. 90), FlexCache uses the 
memory cache controller and new, 
high-performance disk drives witli art 
enhanced small device interface (ESDI) 
controller. The use of the Intel 8238S v 
cache controller and a 32KB static RAM 
(SRAM) memory cache allows the 386 ■. 
processor to access the contents of fre¬ 
quently used memory locations from 
the cache with zero wait states inserted. 

The FlexCache 20386 is a largd ; 
computer—7.5. inches wide, 17 inched 
long, and 26 inches high. Its sheet-' * 
metal construction, while functional; ‘ 
will not win any beauty contests in an ’ 
office environment. It is installed up- ' 
right, resting pn an 11-inch-wide stand, 
and is notably heavy, weighing more 
than 65 pounds in the review configh- .,. 
ration. Adding a large multisyndiro- ,, 
nous monitor and full complement. ' • 

of disk drives makes the total system 
weigh close to 100 pounds’ . 

The system unit has three half-' 
height 5.25-inch slots, ancl two fnlL- t 
height 5.25-inch vSlbts reserved for hard, 
disks. Standard configuration is a, single; 
1,2MB 5.25-inch drive and one of three ., 
hard disks (100MB, 150MB, or 300MB.); ' 
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ALRFUEXCACHE 20386 


PHOTO 1: Rear of the System Unit 




PHOTO 2: Keyboard Comparison 



Photo 1: The power on/off switch is concealed behind a 
screw-down door near the top of the system unit. The 
power supply features an auxiliary power connector. 

Photo 2: The FlexCache keyboard has 12 function keys 
across the top, and a large Enter key with the backslash (\) 
key and small backspace key above it, making its layout in¬ 
compatible with both the IBM 84- and 101-key keyboards. 

Photo 3' Adequate room for expansion is provided. Two 
half-height 5.25-inch diskette drive bays are available in 
addition to the central AT-size chassis. 

Photo 4: The bottom two expansion slots are reserved for 
use with a pair of ALR memory' boards. No other extended 
memory boards can be used on the expansion bus. 

Photo 5: This board contains the system’s Intel 20-MH2 
80386, 82385 cache controller, 32KB static RAM memory 
cache, and an optional 80387 math coprocessor. The board 
connects to the system board’s 80386 socket. 


PHOTO 4: System Board 



PHOTO 5: CPU and Cache Controller 
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The 150MB drive is die fastest, provid¬ 
ing average access times less than 20 
ms; the other two drives have access 
times averaging 30 ms. 

The potential suitability of the 
FlexCache 20386 as a network file 
server is aptly demonstrated by a key 
lock on the front and the on/off switch 
concealed behind a screw-down door 
on rear of the unit (photo 1). The con¬ 
cealed switch can be aggravating to 
reach if the machine must be turned 
on and off frequently. Communications 
connectors can be installed in five 
blanked-off holes (three DB-25 and two 
DB-9) in die center of the back panel. 

The ME-101 Maxiswitch keyboard, 
made by EECO Inc., uses the enhanced 
101-key IBM AT layout, but with several 
twists of its own. The CapsLock and 
Ctrl key locations on the left side can 
be switched so that WordStar aficiona¬ 
dos can hit Ctrl-key combinations with 
one hand. The keyboard uses the large 
Enter key, with the backslash (\) key 
and small Backspace key above it, as 
does the IBM 84-key keyboard. On the 
IBM 101-key keyboard (see photo 2), 
the \ key is located between the Enter 
and backspace keys. 

Users familiar with an 84-key key¬ 
board will have difficulty finding the 
special function keys on this keyboard, 
and users familiar with a standard 101- 
key keyboard will find themselves 
pressing Enter when attempting to 
press the \ key. While this might not be 
a significant problem if the machine is 
used as a file server, workstation users 
should carefully consider whether this 
keyboard is really appropriate for 
them. By attempting to provide desira¬ 
ble features from both the 84- and 
101-key keyboards, the ALR keyboard is 
compatible with neither. 

The keyboard’s rubber-dome tech¬ 
nology provides reasonable tactile feed¬ 
back, and the audible click is easily ad¬ 
justed with Ctrl-Alt-up and Ctrl-Alt-down 
arrows. The default state at boot-up is 
silent keys. The cable connecting the 
keyboard to the computer is long 
enough to allow the computer to be 
placed under a desk, but, at only four 
feet coiled, it is not as long as the 10- 
foot keyboard cable used on the IBM 
PS/2 Model 80. In addition, the cable 
cannot be detached from the key¬ 
board—another incompatibility with 
the IBM 101-key enhanced keyboard. 

ALR offers an optional Hercules- 
compatible monochrome graphics 
adapter (MGA) or an IBM-compatible 
EGA for use with the 20386. Both 
boards contain an IBM-compatible 
printer port. The EGA board, supplied 


with the review unit, uses the Chips & 
Technologies’ chip set; the EGA display 
was a Casper Model TE5154. 

Because ALR does not make small 
computers and aims its products at the 
commercial market and the power 
user, the company obtains for its com¬ 
puters only Class-A (commercial-use) 
certification from the Federal Commu¬ 
nications Commission (FCC). In addi¬ 
tion, many FlexCache internal compo¬ 
nents, such as disk drives, are only 
Class-A certified. 

ALR’s proprietary memory boards 
expand system memory to 10MB. 
Boards come in pairs and each con¬ 
tains a serial port and a parallel port. 
Prices for the base units and available 
options are shown in the sidebar, “ALR 
FlexCache 20386 Vital Statistics.” Op¬ 
tions included with the evaluation unit 
are marked with an asterisk (*). 

GETTING READY 

Installation and setup of the FlexCache 
20386 is straightforward. Users install 
the floor stand using four supplied 
screws; once it is attached, the unit is 
steady when upright. The system’s 
weight prevents it from being moved 
again without difficulty. 

Its configuration is controlled by a 
single bank of DIP switches, mounted 
on an accessible area of the system 
board and free of any expansion 
boards. The switches set the size of the 
system board memory, signal the pres¬ 
ence or absence of an 80387 math 
coprocessor, turn the cache controller 
on or off, set the default CPU speed at 
system initialization, and determine the 


default display adapter type. A graphical 
menu explaining the configuration set¬ 
ting is displayed conveniently on top of 
the power supply. 

Additional configuration switches 
are present on disk controllers and I/O 
boards. In general, these switches are 
set at the factory; if changes are re¬ 
quired later, instructions are provided 
in the documentation. 

System board memory is contained 
in four rows of 18 sockets that are easy 
to reach if no boards are installed in 
expansion slots. The standard computer 
has 1MB of 80-ns RAM. An additional 
1MB can be added to the system board, 
but 80-ns memory must be used. 

The FlexCache 20386 allows for a 
cornucopia of storage devices. The unit 
has three half-height 5.25-inch bays for 
installing diskette drives or a streaming 
tape backup, and two full-height 5.25- 
inch bays for hard-disk drives (see 
photo 3). The power supply, rated at a 
hefty 225 watts, has the capacity to op¬ 
erate a full complement of drives. The 
capacities of the power supply and disk 
controllers, as well as the physical ar¬ 
rangement inside the unit, allow third- 
party drives to be added with relative 
ease. The system BIOS supports the 47 
disk t\pes shown in table 1. 

The standard unit contains a multi¬ 
purpose I/O controller that controls 
two diskette drives (5.25-inch or 3.5- 
inch) plus a serial port and a parallel 
port. The default drive (drive A:) can 
be either a 5.25-inch or 3.5-inch drive. 
One 1.2MB 5.25-inch drive is provided 
as standard equipment; the 1.44MB 
3.5-inch diskette drive can be added as 


ALR FLEXCACHE 20386 VITAL STATISTICS 


Model 100: $6,490 

1MB memory 
32KB SRAM cache 
Serial and parallel interfaces 
Realtime clock 
1.2MB diskette drive 
Enhanced keyboard 
80387 socket 
100MB hard disk 
♦Model 150: $7,490 

All features of Model 100 except with 
150MB hard disk and ESDI controller 

Model 300: $9,990 

All features of Model 100 except with 
300MB hard disk and ESDI 
controller 

Internal memory capacity: 

10MB 

Available slots: 

8/16-bit: 2 
8-bit: 1 


Available options: 

♦Casper EGA color monitor: $699 
♦ALR enhanced graphics 
adapter: $399 

ALR monochrome graphics 
adapter: $179 

*80387 math coprocessor (20-MHz 
version): $1,195 
♦1MB, 80-ns RAM kit: $650 
1MB/4MB, 80-ns memory expansion 
board set: $975 

4MB, 80-ns memory expansion 
board set: $2,499 

Additional 150MB disk drive: $2,999 
Additional 300MB disk drive: $4,555 
♦1.44MB 3.5-inch diskette drive: $225 
130MB tape backup drive: $1,995 
♦MS-DOS/BASIC 3.3: $120 

An asterisk (*) indicates the model reviewed and the 
options included. Tlye announced retail price of that 
model with those options is $10,778. 


JUNE 1988 
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TABLE 1: Disk Drives Supported 


DRIVE 

TYPE 

NO. OF 
CYUNDERS 

NO. OF 
HEADS 

CAPAcrrv 

(MB) 

LANDING 

ZONE 

CYUNDER 

PRECOMPEN- 

SATION 

CYLINDER" 

SECTORS/ 

TRACK 

1 

306 

4 

10.1 

305 

128 

17 

2 

615 

4 

20.4 

615 

300 

17 

3 

615 

6 

30.6 

615 

300 

17 

4 

940 

8 

62.4 

940 

512 

17 

5 

940 

6 

46.8 

940 

512 

17 

6 

1,160 

7 

103.0 

1,160 

-1 

26 

7 

462 

8 

30.6 

511 

256 

17 

8 

733 

5 

30.4 

733 

-1 

17 

9 

900 

15 

112.0 

901 

-1 

17 

10 

820 

3 

20.4 

820 

-1 

17 

11 

855 

5 

35.4 

855 

-1 

17 

12 

855 

7 

49.6 

855 

-1 

17 

13 

306 

8 

20.3 

319 

128 

17 

14 

733 

7 

42.5 

733 

-1 

17 

15 

Reserved 






16 

612 

4 

20.3 

663 

0 

17 

17 

977 

5 

40.5 

977 

300 

17 

18 

977 

7 

56.7 

977 

-1 

17 

19 

1,024 

7 

59.5 

1,023 

512 

17 

20 

823 

10 

136.6 

823 

-1 

34 

21 

733 

7 

42.5 

732 

300 

17 

22 

971 

5 

60.0 

971 

-1 

26 

23 

306 

4 

10.1 

336 

0 

17 

24 

Reserved 






25 

615 

4 

20.4 

615 

0 

17 

26 

1,024 

4 

34.0 

1,023 

-1 

17 

27 

1,024 

5 

42.5 

1,023 

-1 

17 

28 

1,024 

8 

68.0 

1,023 

-1 

17 

29 

512 

8 

34.0 

512 

256 

17 

30 

1,160 

7 

103.0 

904 

-1 

26 

31 

989 

5 

41.0 

989 

128 

17 

32 

1,020 

15 

127.0 

1,024 

-1 

17 

33 

Reserved 






34 

966 

9 

144.3 

966 

-1 

34 

35 

966 

8 

128.2 

966 

-1 

34 

36 

1,024 

5 

42.5 

1,024 

512 

17 

37 

1,024 

5 

65.0 

1,024 

-1 

26 

38 

611 

16 

300.7 

612 

-1 

63 

39 

925 

9 

80.0 

925 

-1 

17 

40 

615 

8 

40.8 

664 

128 

17 

41 

917 

15 

114.1 

918 

-1 

17 

42 

1,023 

15 

127.0 

1,024 

-1 

17 

43 

823 

10 

68.3 

823 

512 

17 

44 

1,024 

8 

71.0 

1,024 

-1 

26 

45 

1,024 

8 

68.0 

1,024 

-1 

17 

46 

1,024 

7 

103.0 

1,024 

-1 

26 

47 

966 

5 

58.9 

966 

-1 

25 

" A value of -1 indicates that write precompensation is not used. 


The FlexCache 20386 supports 47 drive types, as compared with 23 on the 8-MHz 
AT. Nearly all AT drive types are supported, in addition to many larger drives not 
supported on the AT Most, but not all, types are the same as for the IBM AT. 


an extra-cost option. The Model 100 
comes with an Adaptec run-length lim¬ 
ited (RLL) hard-disk controller; Models 
150 and 300 come with the Western 
Digital WD1006-WAH, an ESDI control¬ 
ler that provides full-track buffering to 
increase effective data transfer by 20 
percent. Both controllers use a 1:1 
interleave and can control two disk 
drives. A Western Digital WD1003-WA2 
controller, which supports two ST506 
hard-disk drives plus two 5.25-inch or 
3.5-inch diskette drives, is an option. 

The expansion slots in the Flex- 
Cache 20386 are tighdy spaced with 
less than an inch between slots, and 
the front slot guide is permanently af¬ 
fixed to the case. This makes installing 
full-length boards an exercise in care¬ 
ful, artful persuasion. 

The socket for the 387 is tucked 
into a narrow opening between the left 
(lower) disk-drive bay and the power 
supply. It is barely visible beneath the 
power and ribbon cables leading to the 
drives. As a result, the 387 should be 
installed at the factory or either the sys¬ 
tem board or the power supply and 
disk drive should be removed first. 

CRACKING OPEN THE CASE 

FlexCache 20386 differs from a conven¬ 
tional AT-compatible computer in that 
inside access is gained simply by re¬ 
moving the side cover when the system 
is standing on the floor, rather than 
sliding the entire case off. The cover is 
held in place with two spring-loaded 
thumb screws, allowing quick and easy 
access to the inside of the unit. 

Major system components are con¬ 
tained in an internal AT-size chassis 
mounted in the system case. On the 
review unit, the internal chassis was 
securely attached to the rear of the 
outer case, but only loosely attached at 
the top and bottom. 

The ALR system board features 
eight expansion slots (see photo 4). 
Expansion slots 1, 2, 4, 5, 7, and 8 use 
the AT bus and slots 3 and 6 use the 
XT bus. Slots 1 and 2 are normally oc¬ 
cupied by the multipurpose I/O con¬ 
troller and the hard-disk controller, 
respectively. The display controller gen¬ 
erally occupies one of the XT-bus slots. 
Slots 7 and 8 are reserved for ALR’s 
proprietary 32-bit memory scheme. The 
result is that three slots—two AT and 
one XT—are available. 

The AT and XT bus slots operate at 
10 MHz. The Compaq Deskpro 386/20’s 
expansion bus, on the other hand, runs 
at 8 MHz to maintain compatibility with 
boards designed for the AT. ALR claims 
that the FlexCache’s nonstandard bus 
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TABLE 21 Setup Directories 


DIRECTORY 

DEVELOPER 

CONTENTS 

EXDSKBIO 

Phoenix 

Driver for 3.5-inch diskette drive 
under MS-DOS 3.2. 

HDFORM 

Western Digital 

Low-level format program for hard-disk 
drive using the ESDI controller. 

MGA 

ALR 

SETMODE program for software control 
of monochrome display mode. 

MSDPATCH 

Phoenix 

Patch for MS-DOS 3.2 to ensure 
compatibility with Phoenix BIOS. 

QEMM 

Quarterdeck 

Extended memory manager. 

RLL 

Phoenix 

Program for Adaptec RLL disk controller. 

TEST 

ALR/Borland 

ALR’s diagnostic programs. 

SPEED 

Microsoft 

SETSPEED program for software control 
of processor speed. 


Each of the eight directories on the setup diskette contains a README file de¬ 
scribing the test or utility programs that are contained in the directory. 


speed is a performance feature; how¬ 
ever, older boards designed for use 
with the 4.77-MHz XT bus or 6-MHz AT 
bus may not work properly. 

ALR’s 32-bit memory expansion 
scheme uses a matched pair of mem¬ 
ory boards in slots 7 and 8 as a single 
system to produce a 32-bit data bus 
using standard AT-bus connectors. Only 
ALR boards can be used in these slots. 
Slot 7 is the lower 16 bits of each 
word; slot 8 is the upper 16 bits. Mem¬ 
ory must be added in 1MB increments 
(two banks of nine 80-ns 256KB chips 
on each board). 

ALR builds its memory expansion 
boards with a capacity of 2MB each, 
with add-on 2MB memory packs for 
each board. This limits system memory 
to 10MB (2MB on the system board 
and 4MB on each of the two matched 
memory expansion boards). Because of 
the nature of ALR memory architecture, 
no more memory can be added using 
the standard AT-style slots. 

The add-on circuit board that 
transforms the 386/220 into the Flex- 
Cache connects to the system board via 
its original 386 socket. Three screws 
secure the add-on board to plastic 
posts glued to the system board. The 
add-on board contains the system’s 20- 
MHz 386, 82385 cache controller, and 


32KB memory cache. The optional 387 
coprocessor is also installed on this 
board (see photo 5). ALR estimates that 
this effective, if somewhat inelegant, 
design provides the 386 access to infor¬ 
mation from memory at zero wait 
states 95 percent of the time. The 
cache memory is contained in four 
socketed, 35-ns memory devices. ALR 
uses sockets for all memory chips—on 
tlie system board, the FlexCache, the 
EGA, or memory expansion boards. 


STANDARD-ISSUE SOFTWARE 

ALR provides only two software disks 
with the FlexCache 20386: the ALR 
setup disk and the Phoenix Control/386 
disk. Setup and testing programs are 
contained in eight directories (see 
table 2) on the setup disk. Each direc¬ 
tory contains a README file and the 
utility program (or programs). 

Control/386, a collection of pro¬ 
grams developed by Phoenix Technolo¬ 
gies Ltd., the developer of the Flex- 


ADD TO THE POWER OF YOUR PROGRAMS WHILE YOU SAVE TIME AND MONEY! 


CBTREE does it all! Your best value in a B+tree source! 


Save programming lime and effort. 

You can develop exciting file access programs quickly and easily because 
CBTREE provides a simple but powerful program interface to all B+tree 
operations. Every aspect of CBTREE is covered thoroughly in the 80 page 
Users Manual with complete examples. Sample programs are provided on 
disk. 

Gain flexibility in designing your applications. 

CBTREE lets you use multiple keys, variable key lengths, concatenated 
keys, and any data record size and record length. You can customize the 
B+tree parameters using utilities provided. 

Your programs will be using the most efficient searching techniques. 
CBTREE provides the fastest keyed file access performance, 
with multiple indexes in a single file and crash recovery utilities. 
CBTREE is a full function implementation of the industry 
standard B+tree access method and is proven in applications 
since 1984. 


Access any record or group of records by: 

• Get first 

• Get previous 

• Get less than 

• Get greater than 

• Get sequential block 

• Get all partial matches 

• Insert key and record 

• Delete key and record 

• Change record location 


• Get last 

• Get next 

• Get less than or equal 

• Get greater than or equal 

• Get partial key match 

• Get all keys and locations 

• Insert key 

• Delete key 


Increase your implementation productivity. 

CBTREE is over 8,000 lines of tightly written, commented C source code. 
The driver module Is only 20K and links into your programs. 



p6accx:k svsTems. me. 


Port your applications to other machine environments. 

The C source code that you receive can be compiled on all popular C 
compilers for the IBM PC and also under Unix, Xenix, and AmigaDosI No 
royalties on your applications that use CBTREE. CBTREE supports multi¬ 
user and network applications. 

CBTREE IS TROUBLE-FREE, BUT IF YOU NEED HELP WE PROVIDE FREE PHONE SUPPORT. 

ONE CALL GETS YOU THE ANSWER TO ANY QUESTION! 

CBTREE compares favorably with other software selling at 2,3 and 4 times our price. 

Sold on unconditional money-back guarantee. 

YOU PAY ONLY $159-A MONEY-SAVING PRICE! 

TO ORDER OR FOR ADDITIONAL INFORMATION 
CALL 1-800-346-8038 or (703) 847-1743 
OR WRITE 


NOW! Variable length records. 

NEW! — Limited Time Offer. 
Object Library for Only $49! 


Peacock Systems, Inc., 2108-C Gallows Road, Vienna, VA 22180 
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TABLE 3: Compatibility and Performance Tests 



8 -MH 2 IBM AT 20-MHz DESKPRO 386 

80287, 30MB DISK" 80387, 300MB DISK 

20-MHz ALR FLEXCACHE 
80387,150MB DISK 

ATBIOS 

ROM BIOS date 

11/15/85 

09/23/87 

01/15/88 

ATPERF 

Average RAM instruction fetch (/xs) 

BYTE 

.25 

.10 (250)* 

.10 (250) 

WORD 

.403 

.10 (403) 

.10 (403) 

DWORD 

N/A 

.12 

.12 

Average RAM read time (/xs)^ 

BYTE 

.401 

.10/.26 (401/154) 

.10/.26 (401/154) 

WORD 

.401 

.10/.26 (401/154) 

.10/.26 (401/154) 

DWORD 

N/A 

.10/.26 

.10/.26 

Average RAM write time (f^sY 

BYTE 

.401 

.10/.26 (401/154) 

.10/.21 (401/189) 

WORD 

.401 

.10/.26 (401/154) 

.10/.21 (401/189) 

DWORD 

N/A 

.10/.26 

.10/.21 

Average ROM read time (jas) 

BYTE 

.401 

Same as RAM read 

Same as Ram read 

WORD 

.401 

Same as RAM read 

Same as RAM read 

DWORD 

N/A 

Same as RAM read 

Same as RAM read 

Average EMM read time (/xs)" 

BYTE 

.402 

.10 (402) 

.10 (402) 

WORD 

.402 

.10(402) 

.10 (402) 

DWORD 

N/A 

.10 

.10 

Average EMM write time (fisr 

BYTE 

.402 

.10 (402) 

.10 (402) 

WORD 

.402 

.10 (202) 

.10 (402) 

DWORD 

N/A 

.10 

.10 

Average CGA video write time (/xs)^ 

BYTE 

1.208 

.94 (128) 

1.97(61) 

WORD 

2.415 

1.86(130) 

3.94 (61) 

DWORD 

N/A 

4.83 

7.87 

CPU clock rate (MHz) 

8.0 

20.0 (250) 

20.0 (250) 

Math coprocessor clock rate (MHz) 

5.3 

20.0 (377) 

20.0 (377) 

Refresh overhead (%) 

7.1 

4.4 

3.8 

RAM read/write wait states 

1/1 

0/0 

0/0 

ROM read wait states 

1 

Same as RAM read 

Same as RAM read 

Video write wait states (CGA) 

8 

16 

37 

EMM read/write states 

1/1 

0/0 

0/0 

ATFLOAT 

Performance relative to AT (%) 

100 

850 

850 

ATDISK 

Sectors/track 

17 

63 

34 

Heads 

5 

16 

9 

Cylinders 

731 

609 

964 

Total disk space (MB) 

30.34 

299.75 

144.03 

Track-track seek time (ms) 

6.0 

6.4 

4.8 

Average seek time (ms) 

37.1 

20.7 

18.0 

Effective transfer rate (KB/sec) 

170.1 

629.5 

509.9 

DOS File I/O with/without cache (sec)-^ 

7.3 

5.05/5.0 

6.2/6.4 

Interleave 

3 

1 

1 

" ne figures for the IBM AT and Compaq Deskpro 386120 are the average 

^ For the Deslqjro 386/20 and FlexCache 20386, EMM measurements u>ere 

results from several machines, whereas the results from the FlexCache 20386 
were t^en only from the review model. 

taken using extended memory and the expanded memory manager driver 
provided with the ^stem. 

* Figures shown in parentheses represent the relative perfotmance expressed 
as a percentage compared with the 8-MHz, 30MB AT. 

^ For the Deskpro 386/20 and Flexcache 20386, video write times were 
measured using the supplied EGA in CGA mode. 

^ For the Deskpro 386120 and FlexCache 20386, the first number isfor 
memory access with cache enabled; the second is with it disabled. 

^ Deskpro 386/20 and FlexCacbe 20386 were tested with/without the disk¬ 
caching program. 


The FlexCache 20386’s Intel 82385 cache controller and 32KB SRAM cache allow the 20-MHz 80386 to access jfrequently ref¬ 
erenced information with zero wait states inserted. Floating-point operations are eight times faster than on the 8-MHz AT. 
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FIGURE 1: Performance Comparison 



The FlexCache 20386 provides the same or slightly better performance than the 
Deskpro 386/20. Both are approximately four times faster than the 8-MHz AT. 


Cache 20386 BIOS, enhances computa¬ 
tional performance of 386 computers. 

It provides disk caching, copying, and 
mapping of system BIOS and EGA 
BIOS from ROM to faster 32-bit RAM, 
and the use of extended memory as 
expanded memory. Control/386 can be 
activated automatically or turned on or 
off at boot time at the user’s option. 

The Quarterdeck expanded mem¬ 
ory manager (QEMM) is not really nec¬ 
essary because Control/386 duplicates 
its functions. RLL is required for use 
only with the optional Adaptec RLL 
controller. ALR’s set of diagnostic pro¬ 
grams function in a similar manner to 
the IBM diagnostic suite. 

The SPEED directory contains the 
utility SETSPEED.EXE for setting the 
CPU speed. The CPU runs at 20 MHz, 
but when the system speed is set to LO 
using SETSPEED, lower-speed opera¬ 
tion is simulated by disabling the cache 
controller and increasing the frequency 
of memory refresh cycles. System 
speed also can be changed using a 
configuration switch on the system 
board, by using a keyboard sequence, 
or by writing to I/O port 64H. 

A generic version of MS-DOS 3-3, 
which includes the GW-BASIC inter¬ 
preter, is available at extra cost from 
ALR for use with the FlexCache 20386. 
PC-DOS 3.3 also can be used, but its 
BASIC interpreter cannot be used be¬ 
cause it requires routines available only 
in IBM’s ROM BIOS. 

COMPATIBIUTY AND SPEED 

The compatibility of FlexCache 20386 
with hardware and software designed 
for IBM PC/AT-type computers was 
tested by installing and using a variety 
of products typical of those used on 
many AT-compatible systems. 

ALR ensures that 80-ns memory is 
used in the system by allowing only its 
extended memory boards to be recog¬ 
nized and used. Therefore, the Cheetah 
Combo extended memory board, 
which was used in previous compatibil¬ 
ity and performance reviews, was not 
tested. An Intel Above Board AT was 
used as an expanded memory board 
without any difficulty. 

Inability to install additional, stan¬ 
dard AT-type memory boards is not, 
however, a severe detriment. The Flex¬ 
Cache 20386 comes with at least 1MB 
of memory, and, in general, adding 
memory with 16-bit expansion boards 
to 386 computers degrades overall per¬ 
formance. By adding 1MB to the system 
board and using the pair of ALR mem¬ 
ory boards, system memory can be 
expanded to 10MB. All memory is 
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ALRFLEXCACHE 20386 

80-ns, accessed on a 20-MHz, 32-bit bus 
via a cache controller. 

A Hayes internal 1200B Smart- 
modem (half-card version) was in¬ 
stalled and used without difficulty. Bus 
and serial versions of the Microsoft 
mouse were tested. The serial mouse 
was installed in 30 seconds and worked 
fine, although it used one of the sys¬ 
tem’s two serial ports. The bus version 
took longer to install, but also worked 
well; it used one of three available 
slots rather than a serial port. 

The first test of software compati¬ 
bility was the IBM AT Advanced Diag¬ 
nostics 2.04. The FlexCache 20386 
passed with two exceptions. The mem¬ 
ory test recognized only 1,920KB of the 
2,048KB present because ALR remaps 
128KB of the first 1,024KB to be used 
as fast ROM. The coprocessor test also 
failed because the FlexCache 20386 
uses the Intel 387, rather than a 287. 

Graphics software worked without 
problems. Microsoft Windows/386 is 
not compatible with Control/386 be¬ 
cause both programs want to be the 
only virtual memory manager. If the 
system is booted with Control/386, 
Windows/386 will not load. Installing 
Windows/386 (after Control/386 was 
turned off at boot time) made switch¬ 
ing from application to application ef¬ 


fortless. Microsoft Word 4.0 performed 
well. The program loaded in about two 
seconds, even with a document. Mov¬ 
ing the cursor through text with PgUp 
and PgDn keys was almost immediate. 

Three terminate-and-stay-resident 
(TSR) programs were tested: Borland’s 
SideKick 1.56A and Turbo Lightning 
1.01 A, and Living Videotext’s Ready! 
l.OOE. All performed satisfactorily. Side- 
Kick worked fine with the 101-key key¬ 
board. Turbo Lightning was extremely 
quick when all dictionaries were 
loaded onto RAM disks. Ready! used the 
expanded memory provided by the 
Control/386 utility and performed well. 

Fastback from Fifth Generation 
Systems tested direct memory access 
(DMA) capabilities. The Fastback setup 
program, FINSTALL, initially refused 
1.2MB diskettes. Using Control/386 to 
slow system speed during disk accesses 
eliminated the problem. Fastback then 
performed well. 

The performance of the FlexCache 
20386 was tested using the PC Tech 
Journal suite of performance tests (see 
“Out from the Shadow of IBM . . . ,” 
Steven Armbrust, Ted Forgeron, and 
Paul Pierce, August 1986, p. 52, and 
“Updating the Evaluation Suite,” Ted 
Forgeron, Paul Pierce, and Steven 
Armbrust, March 1987, p. 70). The 


computer was tested in two modes: 
with the cache enabled and with it dis¬ 
abled (via internal system configuration 
switches). Test results are compared 
with results of an 8-MHz IBM AT and 
the 20-MHz Compaq Deskpro 386/20 
(see table 3 and figure 1). 

ALR’s claims that the FlexCache 
20386 is the fastest personal computer 
available, even faster than Compaq’s 
386/20, are supported by the test re¬ 
sults, but the difference is small. 

ATPERF measures memory access 
times and CPU and math coprocessor 
clock rates. In all cases except the 
video write performance, the FlexCache 
20386 (with the cache enabled) equals 
or exceeds the Compaq ratings. 

ATFLOAT measures time required 
to perform 100 multiplications on a 
20-by-20 matrix and then compares the 
time to that required by an 8-MHz AT 
equipped with a 287. The FlexCache 
20386, equipped with a 387 and the 
memory cache enabled, measures 8.5 
times faster than a standard AT. Without 
the cache, it is still 7.8 times faster. 

ATDISK evaluates hard-disk perfor¬ 
mance. The 150MB drive in the review 
system is very fast, with access times 
just over 18 ms. The ESDI controller 
also provides for an extremely fast 
overall data-transfer rate. The disk drive 


9 Track Tape Drives: YES! 

For IBM PC/XT/AT and 386 



Qualstar 1052/TC-50 

• 1600/3200 BPI 

• 25/50 in./sec. 

• Manual load, streaming 
$3,595. MS-DOS Subsystem 



Anritsu 2620/TC-50 

• 1600/3200/6250 BPI 

• Cache buffered 

• Auto load 

$9,495. MS-DOS Subsystem 



Cipher F-880/TC-50 

• 3200/1600 BPI 

• 25/100 in./sec. 

• Auto load, strt/stp & strming 
$4,995. MS-DOS Subsystem 



TX-8 Controller 

• 4th generation PC controller 

• No DMA, works with network 

• Writes 5 MB file in 33 sec. 
$1,200. MS-DOS/controller only 


Overland Data says YES! to your 9 track tape sub¬ 
system requirements. Yes, we stock and fully test all drives be¬ 
fore shipping them. Yes, we manufacture the PC controller card 
and write all support software ourselves. We provide the highest 
level of technical support in the industry, and YES! our engineers 
have designed the most successful tape drives in use today. Yes, 
we warranty our controller card for 2 years; tape drive warranty 
depends on the specific drive. Yes, we stock a full range of tape 
drives from a low cost, manual load desk top model to a high per¬ 
formance, auto load GCR drive. Yes! you can back up your net¬ 
work, re^d or write IBM or ANSI standard labeled tapes, and per¬ 
form ASCII/EBCDIC translations. Yes, we support MS-DOS, 
XENIX, and Microport System V/AT. Overland Data has been 
saying YES since 1980. Call today for 9 track tape answers. 

Overland Data, 

5620 Kearny Mesa Rd. 

San Diego, CA 92111 
Tel. (619) 571-5555 
Telex 754923 OVERLAND 
FAX (619) 571-0982 


IMB PC. XT. AT are Registered Trademarks of IBM Corp. 
XENIX and MS-DOS are Registered Trademarks of Microsoft Corp. 
System V/AT is a Registered Trademark of Microport. Inc. 
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and controller are so fast that Control/ 
386’s disk-caching software provides 
only a marginal speed improvement. 

ATBIOS examines the BIOS and 
BIOS date. In the test, the ALR copy¬ 
right date was 1/15/88. ATKEY tests AT- 
keyboard compatibility. The review unit 
passed the test, as well as the IBM AT 
Advanced Diagnostics keyboard test. 

A SHORT PAPER TRAIL 

FlexCache 20386 documentation con¬ 
sists only of the FlexCache 16386! 
20386 User’s Manual and the User’s 
Guide to Controll386. The information 
contained in the two manuals rivals 
what IBM and Compaq provide as stan¬ 
dard documentation. These other com¬ 
panies, however, provide added techni¬ 
cal information for an additional fee, 
whereas ALR does not. 

The user’s manual instructs the 
user on unpacking and setting up stan¬ 
dard and optional hardware and ALR- 
provided software. Diagrams explain 
configuration switch settings on the sys¬ 
tem board, disk-controller boards, an 
optional EGA controller board, and ALR 
memory boards. Advanced topics, such 
as removal of the system board, are 
described and illustrated. Pinout lists 
show all external connections, includ¬ 
ing serial ports, parallel ports, and the 
system-board edge connector. Two ta¬ 
bles explain the system board memory 
map and the I/O address map, and 
another table lists error messages. 

The Control/386 guide, written by 
Phoenix Technology Ltd., describes 
commands that can be used in the 
CONFIG.SYS file to allow the use of 
the Control/386 programs. 

FAST AND FURIOUS 

ALR’s FlexCache 20386 provides maxi¬ 
mum available computational power 
with the 386 and the optional 387, both 
running at 20 MHz. By using the Flex¬ 
Cache memory architecture with 80-ns 
memory, it provides one of the fastest 
memory packages available. Storage, 
more than 600MB worth inside the sys¬ 
tem unit, exceeds the capacity of many 
small computer centers. 

To achieve its impressive price/ 
performance ratio, ALR makes a few 
sacrifices. FlexCache is certified as an 
FCC Class-A machine, suitable for com¬ 
mercial establishments only, not resi¬ 
dential use. Its ALR-memory-board-only 
restriction provides 80-ns memory, but 
limits total memory to 10MB; its 10- 
MHz expansion bus operation can 
cause problems with older adapter 
boards. The company provides little in 
the way of software; it must be mixed 


and matched from third-party products. 
The user’s manuals are written by third 
parties and, while adequate for setting 
up and running the computer, they 
lack the technical depth available with 
some other computer manuals. 

The FlexCache 20386 is most 
suited for systems developers, OEMs, 
and VARs developing and installing 
large 386-based systems, who might 
find these shortcomings inconsequen¬ 
tial compared to its striking perfor¬ 
mance and attractive price. For the 
experienced power user, CAD designer. 


or network developer who does not 
need extensive documentation and soft¬ 
ware support, the FlexCache 20386 is 
an appealing system. I 'lumiiii 

Advanced Logic Research Inc. 

10 Chrysler 
Irvine, CA 92718 
714/581-6770 
FlexCache 20386 
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David Claiborne is a technical manager for 
JATCOR in Edgewood, Maryland. 


C-Worthy 


Interface Library 




OS/2 Developers: The C-Woithy 
Interface Library 
Is Now Shipping 

M S-DOS programmers have grown to 
depend on C-Worthy in the 8 months 
since we introduced it. For the first time, they 
can create world-class user interfaces in less 
time than it used to take for a mediocre 
"quick and dirty" interface. 

In response to strong demand from current 
C-Worthy users (over 40% requested an OS/2 
version), we have created the C-Worthy 
Interface Library for OS/2. 

Port from MS-DOS to OS/2 and Back 

Now you can develop C-Worthy applications in either MS-DOS or OS/2. Then 
you can port your work without incident to the other operating system. You get 
the full functionality of the original MS-DOS version in both environments: over 
350 tightly integrated functions, plus a well organized system for creating and 

managing user help and errors at all levels - user, program, and system. 


Call for FREE 1/3-pound 
Applications Kit 

This free 11-piece, 1/3-pound C-Worthy 
Applications Kit includes 2 disks' worth of 
applications. With it, you will be able to 
immediately test e-Worthy's power in a real 
application environment. The disks include: 
routines for all types of windows, 10,000 lines of 
sample source code, 17 data types for data entry, 
validation and form creation, 4 menu types, error 
and help systems, and the OS/2 interface. 

To get your free C-Worthy Applications Kit, 
call Andrew toll-free at: 



Solution 

<^bystOfT1S 

541 Main Street, Suite 410 
South Weymouth, MA 02190 
(800) 821-2492, (617) 337-6963 


800 - 821-2492 

Ask about spedal prices for the combined 
MS-DOS and OS/2 version. 

C-Worthy is a registered trademark of Custom Design Systems, Inc. 
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por'ta'bl, a. [L. portabilis]: The ability to take your 
personal computing environment across town, across the 
country or across the world.. .inyour briefcase. Or even 
send it by mail. 






To make it in business, you've always had 
to go the distance. 

But taking the office with you is something 
new. You can handle all this added respon¬ 
sibility, however, with complete confidence. 
If your data is safe within the world’s first 
portable, fast-access Winchester; the 
Personal Data Pac. Only from Tandon. 

Like you, ^ this PC-compatible drive is a 
world- 


can 

any- 


class traveller. With it, you 
move mountains of data 
where, with complete 
reliability. Even when 
the going gets rough. 
The secret to the 
Personal Data 
Pac’s por¬ 
tability is 
a unique 

head locking and shock absorption 
system, which suspends the drive in 
a metal casing, housed in a rugged 
ABS case. 

So it’s ready for just about anything. 

The red-eye to Rangoon. A trip through 
the mail. Even an unintended fall off your 
desk. It will keep on working. 

And wherever the Personal Data Pac 
goes, it gets along splendidly. With 
a single, low-cost 
receptacle, the 
Tandon Ad-PAC, 


you can up-grade your cur¬ 
rent PC system. 

Just plug it in and you 
are set to share an entire 
library of software. 

Better yet, you no 
longer need dedi¬ 
cated workstations 
for everyone in the 
office and you are no 
longer restricted by your com¬ 
puter’s hard disk. You’ll have an 
unlimited capacity for hard work. 

And there’s one more thing you can do with 
the Personal Data Pac that you can’t do with 
other hard disks. Simply lock it 
away. Where only you can get at it. 

The Tandon Personal Data Pac. 
Perfectly secure. Completely 
reliable. And totally portable. 
However you look at it, it’s a defi¬ 
nition for personal freedom. And 
peace of mind. 

To learn more about it, see your 
Tandon Dealer or call us today at 
1-800-556-1234, ext. 171 . In California 
call 1-800-441-2345, ext. 171 . 


We're redefining 

personal computing. 
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COMPUTER 

SYSTEMS 


c The 

Souped-up PC 

A PC with an 80386accelerator is a faster PC, but it is still a PC. 
ARC, Intel, and Quadram add-in boards boost performance of tired 
machines without providing other benefits of the386architecture. 






THOMAS V. HOFFMANN 


B eing a PC pioneer was fun in the 
beginning. In 1981, people were 
impressed when they found out 
you had a computer —a state-of-the-art 
IBM Personal Computer, generously 
endowed with a full 64KB of memor)^ 
two display adapters, a serial card, a 
game adapter, and one single-sided 
160KB diskette drive. One slot was 
even left over for future expansion. 

Times have obviously changed. At 
the office, I 6 -MH 2 80386 machines with 
4MB of fast 32-bit RAM are taking over 
as standard workstations. Many busi¬ 
nesses are poised for OS/2, UNIX, and 
large applications. Early-model PCs are 
still plentiful, however, and in many 
homes and businesses, DOS, sub-MIP 
performance, and sub-megab^'te soft¬ 
ware still reign. 


Three recent products offer PC 
and PC/XT owners salvation from eter¬ 
nal stagnation. Applied Reasoning Cor¬ 
poration’s (ARC) PC-Elevator 386 
($1,795), Intel’s Inboard 386/PC ($995), 
and Quadram’s Quad 386XT ($995) 
each provide a l 6 -MHz 386 processor 
and 1MB of fast 32-bit memory on a 
full-length add-in board. Each board 
has a daughtercard connector for 32 -bit 
memory expansion of 2MB or more, 
and a socket for an 80387 math copro¬ 
cessor. The characteristics and features 
of these three accelerator boards are 
listed in table 1 . 

Each board comes with software 
that uses the 386 virtual-8086 mode 
and memory-mapping facilities to run 
DOS applications in fast 32-bit memory 
and to set up any remaining RAM as ei- 


tlier extended (beyond 1MB) or ex¬ 
panded (paged in the first megabyte) 
memor}^ The Intel and ARC products 
also include disk-caching software 
(both are OEM versions of Super PC- 
Kwik from Multisoft Corporation), and 
the Quadram package includes several 
RAM-disk and print-spooling programs. 

Despite excitement over the pos¬ 
sibility of upgrading to the 386 for less 
than $ 1 , 000 , users should consider a 
few potential problems before rushing 
out to buy any of these products. First, 
the host system should have a power 
supply rated at 130 watts or more; the 
original 63-watt PC power supply is not 
likely to be sufficient. A PC-1 system 
(with the original 64KB system board) 
must have an upgraded BIOS that scans 
for adapter ROMs containing BIOS ex- 
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Applied Reasoning Corporation’s PC-Elevator 386 is pictured at top left, Intel Corporation’s Inboard 386/PC is at top right, and 
Quadram Corporation’s Quad 386XT is at bottom center. The features common to all three 386 accelerator boards are: 1MB 
of on-board RAM, an 80387 math coprocessor socket, and pin headers for memory expansion dauglitercards. 


tensions. XT systems or PCs with hard¬ 
disk upgrades generally have adequate 
power and the necessary BIOS. 

Furthermore, the board requires a 
full-length I/O channel slot. If your sys¬ 
tem has an available slot, fine; if not, 
something has to go. Any system that is 
to be enhanced with an accelerator 
board is likely to have a diskette con¬ 
troller, hard-disk controller, display 
adapter, and multifunction board with 
memor}^ and I/O ports. Many also have 
extra serial adapters, internal modems, 
mouse interfaces, and the like. If the 
host system is a five-slot PC, you may 
have to make some compromises, such 
as having an external switch to select 
between a modem and serial mouse. A 
combination hard-disk and diskette 
controller is another way to save a slot, 
but may cost a few hundred dollars. 

NOT A TRUE 386 MACHINE 

What can be expected of a 386 acceler¬ 
ator for a PC? Ideally, the board would 
transform its host into the equal of a 
native 386 system. Besides more raw 
speed, users might expect the other 
benefits of the 386 architecture, includ¬ 
ing support for protected-mode soft¬ 
ware (such as OS/2), 386-specific soft¬ 
ware (such as Windows/386), and sup¬ 
port for DOS applications that use ex¬ 
tended memor}^ (such as many RAM 
disks and disk-caching programs). This 
ideal is not attained. 

The accelerator boards do offer 
tremendous performance boosts, gen¬ 
erally for less cost than for similar 
boards that upgrade ATs. For example, 
a ready-to-install Intel Inboard 386/AT 
lists for $1,895 and increases the ma¬ 
chine’s power two- or threefold. An 


Inboard 386/PC makes an upgraded PC 
the technological equal of an upgraded 
AT, increasing performance tenfold, at a 
list price of $995. 

What’s the catch? While the accel¬ 
erators bring demonstrable speed im¬ 
provements, the hope of running pro¬ 
tected-mode operating environments 
such as OS/2 and Windows/386 is just 
that—a hope. None of these programs 
works today on any upgraded PC, XT, 
or compatible. The reason is that oper¬ 
ating systems need to know the specif¬ 
ics of certain hardware, such as disk, 
interrupt, and direct memor\^ access 
(DMA) controllers, in order to manage 
them in a multitasking environment. 
BIOS does not support multitasking, so 
modern operating environments must 
access the hardware directly. 

Current releases of OS/2 expect 
hard-disk, diskette, interrupt, and DMA 
controllers to be configured as they are 
in an AT. New drivers for the corre¬ 
sponding PC hardware need to be writ¬ 
ten before OS/2 can function in a PC 
or XT. All three vendors state that noth¬ 
ing in their hardware is incompatible 
with OS/2, but booting OS/2 requires a 
1.2MB diskette as drive A:. Upgrading a 
system with both a 386 add-in board 
and a high-density drive and controller 
could cost as much or more than buy¬ 
ing an OS/2-capable AT compatible. 
Therefore, vendors have little incentive 
to write the needed drivers and users 
have little hope of running OS/2 in a 
PC chassis in the foreseeable future. 

The situation is more promising 
with Windows/386. Although tliis oper¬ 
ating environment has similar depend¬ 
encies on the hardware configuration, 
all three vendors are pursuing the ad¬ 


aptation of Windows/386 to their prod¬ 
ucts. Flowever, none is committing to a 
specific timetable. 

At present, the only operating en¬ 
vironment that takes advantage of fea¬ 
tures of the 386 and runs on these 
boards is Quarterdeck’s DESQview 2.0. 

DESIGN DIFFERENCES 

Several features distinguish the three 
accelerator boards from each other and 
from similar boards for AT systems (see 
“Accelerating to the 386,’’ Kent Quirk, 
JanuatA^ 1988, p. 108). A major architec¬ 
tural difference is in the design of a 
second processor that can be added to 
the system—either as a coprocessor 
that works with the original processor 
intact or as an emulator that replaces 
the original processor. The PC-Elevator 
386 is a coprocessor design and both 
the Inboard 386/PC and Quad 386XT 
are emulator designs. 

The PC-Elevator 386 coprocessor 
design connects to the system unit only 
through the I/O channel. Such devices 
cannot directly access amthing on the 
system board, such as RAM memory^ 
DMA and interrupt controllers, or the 
system timer. 

Physically, the coprocessor board 
is a self-contained system with a 386 
CPU, 32-bit memory^ and a socket for a 
math coprocessor. The 386 and main 
8088 processor can operate simultane¬ 
ously, with the 386 passing requests for 
I/O or other seryaces to the 8088 
tlirough I/O ports and shared memory. 
The 8088 performs the operation and 
passes the results back to the 386. 

In addition to I/O channel connec¬ 
tions, the Inboard 386/PC and Quad 
386XT emulators use a ribbon cable to 
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attach to the 8088’s socket. In this de¬ 
sign, logic on the accelerator board 
mimics the signals of the 8088, giving 
the board direct access to all I/O de¬ 
vices and memory on the system board 
and in the I/O channel. 

The coprocessor approach of the 
PC-Elevator 386 has some attractive 
properties. The system-board CPU can 
completely disable the coprocessor 
board, thus providing a fail-back posi¬ 
tion that allows the system to run in a 
totally compatible mode. Because the 
coprocessor CPU and memory are in¬ 
dependent of the host system, the 
hardware design can be more straight¬ 
forward, and the designers have more 
flexibility in arranging the 386 system 
components. The ARC board uses a 
four-way interleaved memory, which 
gives it significantly better performance 
in compute-intensive programs. 

The primary disadvantage of the 
coprocessor is that true compatibility is 
harder to achieve because so much of 
the I/O has to be emulated in software. 
Many DOS programs expect to do their 
own I/O directly, either to improve 
performance or to perform functions 
not available in BIOS or DOS. The co¬ 
processor must intercept all direct I/O 
operations and turn them into requests 
to the host CPU for service. 

While each accelerator has 1MB of 
32-bit RAM on board (with provisions 
for expansion), each one has a unique 
memory architecture. The 8088 in the 
PC and XT can address only 1MB of 
memory, and the system bus has no 
provision for addressing memory be¬ 
yond 1MB. The 286 and 386, on the 
other hand, can address up to 16MB, 
but only when operating in protected 
mode; in real mode, they address only 
1MB. The first megabyte is called con¬ 
ventional memory; memory beyond 
that is extended memory. 

In the AT, the I/O channel pro¬ 
vides the CPU and DMA access to all 
16MB of conventional and extended 
memory. In real mode, BIOS functions 
(accessed by interrupt 15H) move 
blocks of data between conventional 
and extended memory and switch into 
protected mode. 

Any 386 accelerator board for the 
PC has the interesting challenge of sup¬ 
porting extended memory in a system 
full of components that have no possi¬ 
bility of dealing with more than the 
first megabyte. How can a disk control¬ 
ler read and write to places it cannot 
even imagine? 

The problem can be solved, 
thanks to the 386’s ability to map any 
portion of the logical address space 


TABLE 1: 386Accelerator Board Features 



ARC 

INTEL 

QUADRAM 

Model 

PC-Elevator 386 

Inboard 386/PC 

Quad 386XT 

Price 

$1,795 

$995 

$995 

Type 

Coprocessor 

Emulator 

Emulator 

Clock speed (MHz) 

16 

16 

16 

Standard memory (MB) 

1 

1 

1 

Memory chip rating (ns) 

100 

120 

120 

Expansion modules (MB) 

2,4 

2 

2,8 

Maximum memory (MB) 

13 

3 

9 

Math coprocessor 

80387 

80387 

80387, 
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Emulator design requires removing the 8088 from the system board and connect¬ 
ing a cable to the vacated socket; the coprocessor board coexists with the origi¬ 
nal CPU and communicates with the system only through an expansion slot. 


into any piece of physical memory. 

This mapping is possible only in pro¬ 
tected mode, however, so the solution 
must also use the virtual-86 mode of 
operation, which combines protected- 
mode memory mapping with compati¬ 
ble execution of programs (such as 
DOS and DOS applications) written 
according to real-mode rules. 

All three accelerators provide soft¬ 
ware drivers that operate the processor 
in virtual-86 mode. The drivers map 
conventional and extended memory; 
optionally copy system BIOS, BASIC, 
and adapter BIOS ROMs to fast mem¬ 
ory; and provide services from the 
Lotus-Intel-Microsoft expanded memory 
specification (EMS). The drivers also 
provide virtual DMA to the entire ex¬ 
tended memory space. I/O and DMA 
operations involving extended memory 
are redirected to conventional memory, 
and then the results are copied to ex¬ 
tended memory. 

COMPATIBLE PERFORMANCE 

Any change to a computer risks creat¬ 
ing, or revealing, a compatibility prob¬ 
lem. Tests of all software and hardware 
combinations would be definitive, but 
are impractical. Instead, several 
popular applications and utilities 
were tested on a five-slot PC, specifi¬ 
cally those that perform direct I/O, 
handle interrupts, and use DMA and 
extended and expanded memory. 

WordPerfect Corporation’s Word¬ 
Perfect 4.2 and the WordPerfect Library 
shell were used; both write directly to 
video memory and use expanded 
memory. Ready!, an outline processor 
from Living Videotext, is a memory- 
resident program activated by a hot 
key. Ready! will load itself into ex¬ 
panded memory if sufficient space is 
present, occupying only 3KB of conven¬ 


tional memory. PrintQ, from Software 
Directions Inc., is a memory-resident 
print-spooling program that uses hot 
keys and the DOS multiplex interrupt 
and performs disk file I/O. Quarter¬ 
deck’s DESQview is an operating envi¬ 
ronment that provides windowing and 
multitasking of standard DOS applica¬ 
tions; version 2.0 does not use virtual- 
86 mode, but it does use the 386’s 
memory-paging mechanism to swap 
memory regions. Fastback Plus, from 
Fifth Generation Systems Inc., is a disk 
backup and restore utility that uses 
DMA for high-speed transfers between 
diskette and memory and performs di¬ 
rect I/O to the diskette controller. 

A speeding 386 poses several po¬ 
tential sources of compatibility trouble. 
The most obvious are timing depend¬ 
encies. Other problems can occur in 
virtual-86 mode, which is not exactly 
the same as real mode. In particular, 
the paging and protection features of 
the 386 are in force in virtual-86 mode, 
so privileged instructions (such as Halt) 
and illegal memory references can 
cause protection errors. 

Details about the results of the 
compatibility tests are discussed below 
in the sections on the individual prod¬ 
ucts. As expected, the tested programs 
had varying degrees of success. The 
Intel Inboard 386/PC had no problems, 
the Quadram Quad 386XT had just a 
few, and the ARC PC-Elevator 386 had 
the most. Programs that remain resi¬ 
dent or perform complex system-level 
operations are the most likely to fail in 
an enhanced system, while well- 
behaved programs that obey operating 
system rules run with no difficulties. 

The performance of the three 
products was tested with a combination 
of simple programs and selected PC 
Tech Journal performance benchmarks. 
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The performance results are listed 
in table 2. The first test used the DOS 
SORT utility to sort a file consisting of 
4,000 random numbers. Both the input 
and output files were kept on a DOS 
3.2 VDISK volume. 

The Dhrystone test, witli its mix of 
integer-arithmetic, decision-making, 
control-transfer, and parameter-passing 
operations, simulates a typical program. 
The version used is the one shipped 
with the Quad 386XT, written in Micro¬ 
soft C 5.0 with full optimization. The 
times are for 50,000 iterations. 

ATFLOAT measures the perfor¬ 
mance of floating-point operations. It 
was run both with and without math 
coprocessors. The coprocessors were 
an 8087 in the XT, an 80287 in the AT, 
and a l6-MHz 80387 on each board. 

LOWLOOP is a simple assembly- 
language program that repeatedly cop¬ 
ies each byte in the first 64KB of mem¬ 
ory into itself The object here was to 
see if performance in die first block of 
memory differed significantly among 
the boards. Speed differences were in 
line with that shown by odier tests. 

BASIC COUNT is an interpreted 
BASIC program that counts to 20,000. 

Its purpose was to see the effect of 
mapping the BASIC ROM into 32-bit 
memory. It also served as a general 
performance comparison. 

Finally, selected measurements 
were made using both ATPERF and 
BUSPERF, part of the PC Tech Journal 
compatibility and performance suite. 
ATPERF measures processor and mem¬ 
ory performance; BUSPERF determines 
the relative bus bandwidth. 

In real-world programs, the accel¬ 
erator boards speed up an XT by a fac¬ 
tor of 6 to 8, depending on the mix of 
computation and disk access. The result 
is a machine that is significantly faster 
than an AT, especially in compute-inten¬ 
sive applications. 

While all three accelerators oper¬ 
ate at 16 MHz, each has significant dif¬ 
ferences in performance, primarily be¬ 
cause of differences in the memory 
subsystems. The PC-Elevator 386, with 
its four-way memor\^ interleaving, out¬ 
performed the others in most tests. The 
results for the Intel and Quadram prod¬ 
ucts are quite similar, with the Quad 
386XT slightly faster in most cases be¬ 
cause of lower refresh overhead. 

Intel sacrifices some performance 
in the name of compatibility, adding 
more wait states on cenain I/O and 
BIOS operations to avoid timing prob¬ 
lems. The IBM PC BIOS routines for 
serial communications, for example, do 
not work reliably in 6- or 8-MHz 286 


TABLE 2: 386Accelerator Board Performance 


IBM ARC INTEL QUADRAM 


PRODUCT PC/XT AT 339 PC-Elevator Inboard 386/PC Quad 386XT 

PROGRAM TIMINGS (sec.) 


DOS SORT 

395 

100 

42 

56 

52 

Dhry^stone 

106 

25 

9 

12 

12 

ATFLOAT (witlixv87) 

164 

90 

16 

16 

17 

ATFLOAT (no xx87) 

2,632 

580 

295 

454 

390 

LOWLOOP 

223 

56 

21 

26 

25 

BASIC COUNT 

74 

21 

7 

14 

11 

ATPERF"' 






Memory access (/xs) 






Word fetch 

1.83 

0.40 

0.16 

0.14 

0.13 

Dword RAM read 

N/A 

N/A 

0.14 

0.27 

0.25 

Dword RAM write 

N/A 

N/A 

0.21 

0.27 

0.25 

Word ROM read 

N/A 

0.40 

26.80 

0.27 

0.44 

Byte video write 

N/A 

1.21 

24.23 

2.27 

2.32 

Wait states 






RAM read 

N/A 

1 

0 

2 

2 

RAM write 

N/A 

1 

1 

2 

2 

ROM read 

N/A 

1 

420 

2 

5 

Video write 

N/A 

8 

380 

34 

35 

CPU clock rate (MHz) 

4.77 

8.0 

16.0 

16.0 

16.0 

BUSPERF 






Bus bandwidth ratio 

1.0 

4.3 

13.4 

13.4 

14.3 

N/A = Not available 


" For the 8088processor, ATPERF measures only word fetch time and clock rate. 


Installing an 80386 accelerator in a PC improves its overall performance by a fac¬ 
tor of 6 to 10, to a level exceeding that of an AT. The ARC PC-Elevator 386 pro¬ 
vides the highest speed increase, but also has the greatest compatibility problems. 


machines because they do not allow 
enough time between I/O accesses to 
the 8250 serial controller. 

The Quad 386XT contains a com¬ 
plete replacement BIOS, which Quad¬ 
ram claims avoids such timing prob¬ 
lems. It is derived from the BIOS in 
the Datavue Portable PC. The Intel ap¬ 
proach is more conservative and would 
seem to offer protection for any pro¬ 
grams doing I/O directly to devices, not 
only through BIOS. Quadram’s ap¬ 
proach gives slightly better perfor¬ 
mance, but it risks problems with pro¬ 
grams that avoid BIOS and deal directly 
with the hardware. 

Applied Reasoning Corporation. The co¬ 
processor design of ARC’S PC-Elevator 
386 makes it installable in more sys¬ 
tems than the other two. It can be used 
in either XT or AT systems (“Accelerat¬ 
ing to the 386” included a review of 
the PC-Elevator 386 as used in an AT). 

It is the only one reviewed that can be 
used in 8086 systems. 

The standard configuration in¬ 
cludes 1MB of 32-bit RAM; pin headers 
are provided for attaching daughter- 
cards with more memory. Expansion 
modules are available with 2MB of 


RAM, and 4MB units are promised. Up 
to three such modules can be attached 
to the main board, for a total of 13MB 
of 32-bit memory. The daughtercards 
do not need to be plugged into expan¬ 
sion slots, but after the first one, they 
begin encroaching on the space above 
the adjacent slot, allowing it to accept 
short boards only. 

The PC-Elevator 386 is packaged 
with one 5.25-inch diskette and a well- 
written user’s manual that clearly ex¬ 
plains the installation, setup, and opera¬ 
tion of the system. 

This board is the easiest accelera¬ 
tor to install because it simply plugs 
into an available I/O channel slot. The 
host system processor must remain on 
board; the coprocessor design requires 
the host processor to perform actual 
I/O operations to devices not located 
on the coprocessor board. 

With a menu-driven setup pro¬ 
gram, the user describes the system 
hardware configuration and selects the 
amount of memory to be used for a 
disk cache and conventional, extended, 
and emulated expanded memory, then 
produces a customized device driver 
for the 386, or “upstairs” processor. 
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This driver provides virtual-86 mode 
kernel services, expanded memory 
emulation, and disk-caching support. 

Four DIP switches determine the 
I/O and memory addresses the board 
occupies in the host system. As many 
as four PC-Elevator 386 boards can be 
present at once, although the drivers 
provided can deal with only one. The 
setup program scans the host system 
for possibly conflicting devices and 
memory and suggests the best DIP- 
switch configuration. 

The coprocessor strategy leads to 
some confusion about just which pro¬ 
cessor is active. When the system starts 
up, the original host (or “downstairs” 
processor) is in control. The UP pro¬ 
gram, which executes in the downstairs 
processor, starts the 386 and waits for 
I/O requests from upstairs. Meanwhile 
the upstairs processor is running, boot¬ 
ing DOS again, and loading the device 
driver, which provides virtual-86 mode 
support and EMS 3.2 emulation. 

The confusion arises because two 
different copies of DOS are running at 
the same time against the same disks, 
each with its own idea of current direc¬ 
tory, disk buffers, and so forth. A user 
can easily forget which processor is at¬ 
tached to the keyboard and display. 

The upstairs driver emulates EMS 
from extended memory and can in¬ 
clude any manufacturer’s physical EMS 
board and driver in the total EMS pool. 
Ordinarily, a system can have only one 
extended memory manager (EMM) 
driver, and because each manufactur¬ 
er’s paging hardware is slightly differ¬ 
ent, the driver must match the memory 
board. In the PC-Elevator 386, the up¬ 
stairs CPU simply passes EMS requests 
to the downstairs CPU whenever it 
needs more expanded memory than its 
own emulation can provide. The down¬ 
stairs processor then calls its own EMM 
driver to handle the request, and the 
results are sent back upstairs. 

The PC-Elevator 386 exhibited 
some serious compatibility problems 
with several of the software packages. 
Ready! worked fine in the downstairs 
processor, but once activated in the 
upstairs processor, it refused to quit. 
With the upstairs EMM driver installed. 
Ready! would not even load properly. 
The system gives an “Attempt to DMA 
to illegal memory address” error mes¬ 
sage and kicks you back downstairs. 

The installation procedure for 
Fastback Plus performs some DMA tests 
to determine the best speed for opera¬ 
tion. Fastback reported the low-speed 
DMA test passed and then announced 
the start of the medium-speed DMA 


test. It then hung before announcing 
the result of the test, requiring a re¬ 
boot. On the second attempt, the DMA 
test caused the upstairs kernel to gen¬ 
erate an error message indicating an 
unexpected general protection fault on 
an I/O instruction, and it switched con¬ 
trol back downstairs. Attempting to go 
back UP then resulted in a “Parity 
Check 1 10000 (S)” message, after 
which a power-offton cycle was re¬ 
quired to restart the system. 

Intel Corporation. The Inboard 386/PC 
comes with an installation manual, the 
emulator board, a cable for connecting 
to the 8088-processor socket, a diskette, 
a tool for prying out the existing 8088 
and 8087 chips, and two plastic tubes 
(Intel insiders call them “chip coffins”) 
thoughtfully provided to house the dis¬ 
placed processors. The on-board RAM 
complement of 1MB can be expanded 
by adding one 2MB expansion module. 

The installation manual is detailed, 
well-illustrated, and reasonably fool¬ 
proof. It contains different sets of in¬ 
structions for machines from IBM, 
Compaq, and Tandy. It is important to 
be careful when removing the proces¬ 
sor chips to avoid damaging the system 
board. Inserting the cable connector in 
the 8088 socket can be a little tricky. 

Intel provides an automatic setup 
program that copies files from the dis¬ 
kette to the hard disk and modifies the 
CONFIG.SYS and AUTOEXEC.BAT files 
as required by the options selected. It 
is mildly annoying that the setup pro¬ 
gram only adds lines to CONFIG.SYS 
and AUTOEXEC.BAT; it does not modify 
or delete existing lines if you run it 
again to change the setup. It is best to 
follow the manual installation proce¬ 
dures to set the desired driver options 
on subsequent setups. 

Running the setup program or in¬ 
stalling any of the software is not nec¬ 
essary for the Inboard 386/PC to func¬ 
tion. The board runs by default in real 
mode at full speed, but without access 
to extended memory or the ability to 
map the slow ROMs into 32-bit RAM. 

The hardware installation instruc¬ 
tions call for disabling or removing the 
system’s existing conventional memory, 
because the Inboard 386/PC provides 
640KB of conventional memory. Of the 
remaining memory, 128KB is reserved 
for mapping 8-bit ROMs, and 256KB is 
for extended memory. On power-up, if 
tlie board detects conflicting conven¬ 
tional memory, it beeps S-O-S in Morse 
code to indicate a setup error. 

The INBRDPC.SYS driver imple¬ 
ments the virtual-86 mode kernel, 
which supports extended memory func- 



MKS Trilogy: 
for Xenix & 
Mlcroport Users 

MKS Trilogy provides 
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replacement utilities: 

I The MKS Korn 
shell brings the full 
power of the 
Bourne shell and many 
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tions (via interrupt 15H), ROM map¬ 
ping to fast memory, and a speed- 
control feature using Ctrl-Alt-Shift and 
1 (slowest) through 4 (fastest). The 
slower speeds add more wait states to 
memory and bus cycles. The speed 
control is also available from the 
ISPEEDPC.EXE command. 

The ILIM386.SYS driver uses the 
386-mapping facilities to emulate ex¬ 
panded memory using extended mem¬ 
ory. ILIM386 implements EMS 4.0. Un¬ 
fortunately, the user must choose be¬ 
tween physical expanded memory 


(such as on an Above Board) and the 
emulated EMS. Intel recommends keep¬ 
ing existing EMS boards and using the 
drivers that come with them. The per¬ 
formance using these boards will not 
be as good as with the emulated EMS, 
but the investment in the EMS board is 
protected. As a convenience to Above 
Board owners, the latest Intel Above 
Board EMS 4.0 driver is included on 
the Inboard 386/PC software disk. 

Software provided with the In¬ 
board 386/PC includes a disk cache, 
utilities to display the current driver 


parameters and memory allocation set¬ 
tings, and a program that reinstalls the 
speed-control software in the event that 
the system has ill-behaved resident pro¬ 
grams that steal the keyboard interrupt 
vector without properly chaining to the 
previous interrupt handler. 

The Inboard 386/PC exhibited no 
compatibility problems with any of the 
software tested. For added insurance 
against speed-related problems, the 
INBRDPC driver has options that allow 
independent selection of the number 
of wait states (from 0 to 30) added to 
diskette operations, hard-disk opera¬ 
tions, or all memory q^cles. 

Quadrant Corporation. The Quad 386XT 
kit consists of the board, operations 
manual, software diskette, connecting 
cable for the 8088 socket, a module 
that plugs into the 8087 socket, and an 
Z-shaped chip extraction aid. Like the 
other two boards, this one comes stan¬ 
dard with 1MB of memor^^ A daughter- 
card with 2MB is available; an 8MB 
expansion is planned (its price is as yet 
unannounced). 

The manual, written for Quadram 
by an outside company, is generally 
adequate, but has an annoying stylistic 
quirk that uses quotations around per¬ 
fectly “normal” words to indicate diat a 
“simple” word is used in place of a 
more “technical” one. 

The manual’s “Programming Con¬ 
siderations” section provides informa¬ 
tion about the control registers on the 
Quad 386XT, switching between real 
and virtual-86 modes, and the interrupt 
15H services provided by the on-board 
BIOS. These are a subset of the ser¬ 
vices provided in an AT-class BIOS for 
determining the size of extended mem¬ 
ory, block moves, and getting system 
environment information. 

The Quad 386XT is installed very 
much like the Intel board, with the 
added step of plugging the 8087 
adapter module into the 8087 socket 
on the system board. The Quad 386XT 
has an oversized pin-grid array socket 
that can accept either an 80387 math 
coprocessor chip or a Weitek coproces¬ 
sor module. The installation instruc¬ 
tions for the coprocessor are rather 
elaborate: insert coprocessor, install 
board, run diagnostic test tliat fails if 
coprocessor is installed, remove copro¬ 
cessor, run diagnostic to prove it is not 
there, reinstall coprocessor. 

The Quad 386XT has no automatic 
installation software; the user just adds 
the necessary lines to CONFIG.SYS and 
AUTOEXEC.BAT. The manual describes 
the options very well. The workhorse 
of the Quadram software is QVM.SYS, 


Our 3270 software won’t take 
big bytes out of your memory. 

In fact, Attachmate’s EXTRA! Connectivity Software™ runs on less 
than half the memory Wpically required by the IBM® 3270 
Workstation Program. S^o you have more room to run PC programs 
liko Lotus^ 

What’s the catch? There isn’t any. Quite frankly, EXTRA! is the 
most powerful, full-featured 3270 emulation software package availa¬ 
ble. It uses less memory through better design. 

And efficient memory usage is just part of the picture. Find out 
how printer emulation, file transfer,HLLAPI, and other great features 
can make your job easier. It’s all in our Guide to Advanced 3270 
Connectivity. Yours free. Call us today. |-800-426’'6283 


Attachmate Corporation. 3241-118th S.E.,Bellevue, WA 98005,(206) 644-4010 
Copyright ® 1988, Attachmate Corporation. EXTRA! Connectivity Software is a trade¬ 
mark of Attachmate Corporation. IBM is a registered trademark of International Business 
Machines Corporation. Lotus and 1-2-3 are registered trademarks of Lotus Development 
Corporation. 
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which stands for Quadram Virtual Mon¬ 
itor. The QVM driver is a virtual-86 
mode monitor that controls extended 
memory, BIOS and adapter ROM map¬ 
ping, and expanded memory emula¬ 
tion. A companion program, QVM.COM, 
allows switching between virtual-86 and 
real modes. 

Another driver, DDINTIO.SYS, 
speeds up video operations by replac¬ 
ing portions of the video BIOS with 
more optimized code. The driver 
works fine, but produces lots of snow 
and flickering on a CGA. 

In addition to the Dhrystone 
benchmark, the Quadram software in¬ 
cludes a diagnostic program, utilities 
for RAM disks (conventional, extended, 
and expanded memory versions), and 
four print spoolers (for all combina¬ 
tions of serial/parallel ports and con¬ 
ventional/expanded memory). 

The memory on the Quad 386XT 
is physically addressed starting at 1MB, 
the beginning of the extended mem¬ 
ory range. The QVM driver software 
normally runs in virtual-86 mode and 
remaps the system’s conventional mem¬ 
ory above the 32-bit memory, where it 
emulates EMS 3.2 memory or provides 
slow extended memory. Thus, the total 
system memory is 1MB more than the 
amount the host PC had originally. 

The QVM utility toggles operation 
between real and virtual-86 mode. Of 
course, real mode can use only the 
8-bit host-system memory, and the re¬ 
sulting operation is slightly slower than 
the unenhanced 8088 system. The soft- 
ware-controlled switching is convenient 
for dropping the processor speed back 
to its original value to get past some 


c 



Pascal 


“The most rock-solid C compiler in the industry. Superb 
technical support and portability. 

Gordon Eubanks, Symantec—Q&A (386). 
“It simply works, with no trouble, no chasing strange bugs, and 
excellent warning and error messages ... a professional 
product.” Robert Lerche, Bay Partners. 

“For large-scale software development.the highest quality C 
compiler available on the market today. Pragmas are great. 
Quality of support is exceptional.” 

Randy Neilsen, Ansa —Paradox (DOS, OS/2). 
“15% smaller and 15% faster than Lattice C.” 

Robert Wenig, Autodesk —AUTOCAD. 
“Our software is running anywhere from 30 to 50% faster than 
when compiled under Lattice.” D. Marcus, Micronetics. 
“Best quality emitted code by any compiler I've encountered. 
Often amazing.” 

Bill Ferguson, Fox Software—FoxBase (386). 
“We found that messages sometimes pointed out type mismatch¬ 
es, incorrect-length argument lists, and uninitialized variables 
that had been undetected for years (in UNIX 4.2 bsd)." 

Larry Breed, IBM ACIS. 


copy-protection mechanisms or to run 
software that generates protection er¬ 
rors in virtual mode. 

A serious deficiency of Quadram’s 
current software is its inability to map 
on-board memory to backfill the DOS 
area to a full 640KB. With the current 
setup, DOS is limited to the amount of 
conventional 8-bit memory physically 
installed in the system, even though 
that memory is mapped out of the way 
and DOS actually runs in fast extended 
memory. That means either taking up 
another slot for a memory expansion 
board, or, if no slot is available, re¬ 
stricting DOS to only 64KB or 256KB, 
which is not at all practical. 

Quadram’s EMM driver knows how 
to address Intel Above Boards and 
Quadram EMS boards, and it can com¬ 
bine the physical expanded memory 
the emulated expanded memory into a 
single pool. 

Concerning compatibility, Quad¬ 
ram warns that Norton’s SYSINFO util¬ 
ity can hang the system if BIOS is 
mapped to 32-bit RAM, and that some 
hard-disk controllers have on-board 
BIOS code that is timing-sensitive and 
will not work with the Quad 386XT. 

The Norton problem can be avoided by 
simply not mapping BIOS to RAM. 
Quadram’s technical support staff will 
assist customers who need a replace¬ 
ment BIOS for their disk controllers. 

A more serious compatibility prob¬ 
lem showed up when using Word¬ 
Perfect from within the WordPerfect 
Library menu system. WordPerfect 4.2 
would not return to the WordPerfect 
shell; the action key caused a return to 
the word processor instead of to the 


menu shell. WordPerfect without the 
shell was able to go to DOS and back 
again without any problem. 

NEW MIPS FOR OLD 

Of the three products, the ARC PC- 
Elevator 386 is by far the fastest, the 
most expensive ($1,795), and the most 
plagued by compatibility problems. 
Video performance on a CGA display, 
however, was dismally slow and snowy. 
The compatibility problems make it a 
risky choice for general-purpose DOS 
use. The PC-Elevator 386 is priced to 
compete with accelerators for AT-class 
machines, not with the other two prod¬ 
ucts. Its coprocessor architecture, 
which allows several units to operate 
simultaneously within a single host sys¬ 
tem, gives the PC-Elevator 386 some 
interesting possibilities for OEMs and 
developers of custom applications. 

The Quadram Quad 386XT per¬ 
formed second-best, costs only $995, 
and showed at least one compatibility 
problem with WordPerfect. Its current 
inability to backfill conventional DOS 
memory to 640KB is a serious draw¬ 
back, especially in PC-1 systems with 
64KB system boards and only five I/O 
channel slots. If Quadram would mod¬ 
ify its driver software to support back¬ 
filling, tlien its ability to combine exist¬ 
ing 8-bit conventional and expanded 
memory with the on-board 32-bit ex¬ 
tended memory would provide the 
most flexible memory configuration 
options of all. The Quad 386XT’s per¬ 
formance and ability to accept a Weitek 
module might tip the balance in its 
favor for users with a need for very fast 
floating-point processing. 



Check Out These Reviews 

• High C ™: 

Computer Language February 1986, '87 

Dr. Dohh's Journal August 1986 

PC Magazine Jan. 27, 1987 (80386) 

Dr. Dohh's Journal July 1987 (80386) 

BYTE Magazine Nov. 1987 (80386) 

• Professional Pascal 

PC Magazine Dec. 29, 1985 

Cornputer Language May 1986 

PC tech Journal July 1986 

J. Pascal, Ada & M-2 Nov.-Dec. 1986 

BYTE Magazine Dec'86,Jun'87(80386) 

A Partial List of Optimizations 

Common subexpression and dead-code elimination, constant folding, 
retention and reuse of register contents, jump-instruction size minimization, 
tail merging (cross jumping), short-circuit evaluation of Boolean 
expressions, fast procedure calls, strength reductions, and automatic 
mapping of variables to registers.... 

CIRCLE NO. 259 ON READER SERVICE CARD 


Sun, Apollo, SGI, 
8086-286, RT PC, 
VAX, 370, 29000 


Power Tools for Power Users 


A.shton-Tate: dBase III Plus, MultiMate; Autodesk: AUTOCAD, 
AUTOSKETCH (8087.'387, Weitek); Boeing Computer Services 
(Sun); CASE Technology (Sun); CAD/CAM giant Daisy Sys¬ 
tems Corporation ('86, '386, VAX); Deloitte Haskins & Sells; 
Digital Research: FlexOS; GE; IBM: 4.3/RT, 4680 OS; Lifetree 
Software (Pascal): Volkswriter Deluxe. GEM-Write; Lugaru: 
Epsilon; NYU: Ada-Ed; Semantec: Q&A; Sky Computers;... 
(Product names are trademarks of the companies indicated.) 


(408)429-6382 

[Jlala 
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Since 1979. 

QJara™ 


903 Pacific Avenue, Santa Cruz. CA 95060 


The Clear Choice for Large 
Programming Projects - pc Tech j 
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FINALLY! 



A n on-screen flowchart processor that knows about flowcharts - not just. 
/i another ' ‘screen draw" program that makes you do most of the work. 
EasyFlow Is a powerful full-screen graphics program dedicated to flowcharts 
and organization charts. With it you can quickly compose charts. More 
important, you can easily modify charts so they are always up to date. 


► Automatic: Fully automatic text centering within shapes, both horizontally and 
vertically. Fully automatic line routing & re-routing. 

► Fast: Written in assembly language for speed. 

► Large: Charts up to 417 columns wide by 225 lines high. Chart too large for your 
printer? f/is/Ftow automatically breaks the chart up & prints it in page size pieces. 

► Standard: All standard flowcharting shapes included. Custom shapes can be ordered. 

► User friendly: Don’t take our word for it. PC Magazine* says “ EasyFlow \ms 
up to its name. It’s hard to imagine any easier and more flexible way to produce 
basic and even complex flowcharts”. 

Mouse: Optional but fully supported. 

► It prints: On most popular matrix printers including IBM, Epson, Toshiba, FIP 
LaserJet, LaserJet-Plus and many others. 

► It plots: On FIP7440, 7475, 7550, 7570, 7585B and compatible plotters. 

► It works: We are contractually prevented from mentioning the name of the "big 
eight” accounting firm that purchased a world-wide site license, but we can tell 
you that they spent months evaluating all available flowcharting packages before 
choosing EasyFlow. 

► Rush delivery: Order by noon today (eastern time) and we’ll have it to you by 
courier tomorrow**. Rush delivery charge is $15.00 (instead of $2.00) and is 
available only in USA & Canada. 

Documented: 100 page manual plus over 150 screens of context sensitive help. 


EASYFLOWworks on IBM PC’s, IBM PS/2 and compatibles. Requires 384 K memory, 
DOS 2.0 or higher and an IBM CGA/EGA/VGA or Hercules monochrome compatible 
adapter card. 

Order direct for only $ 149.95 + $2.00 S&H (USA/Canada), $10.00 (foreign). Payment 
by M.O., cheque, VISA, Mastercard or Company PO. 

* March 10, 1987 issue, page 278. 

*• Rush orders are shipped by Purolator Courier and normally arrive the next business day to most locations. 
Remote destinations take longer. 



The chart fragment above was produced on an HP LaserJet-Plus and is actual size and 
unretouched. Publication quality charts like this can be produced using only minutes of preparation 
time and seconds of print time. 


HavenTree Software Limited 

PO Box 1093-N 

Thousand Island Park, NY 13692 


Order Desk: 1-800-267-0668 
Information: (613) 544-6035 ext 48 
Telefax(G3): (613) 544-9632 


386ACCELER/a’ORS 

The Intel Inboard 386/PC ($995) 
was the only board that experienced 
no compatibility problems. Its perfor¬ 
mance is only slightly slower than the 
Quadram board. Intel chose to divide 
the 1MB of memory to provide the full 
640KB of conventional DOS memory, 
128KB for BIOS remapping, and 256KB 
of extended memory. This is a better 
choice for PC systems with limited 
room for 8-bit conventional memory. 
Systems requiring large amounts of 
expanded memory can use dedicated 
EMS boards instead of the EMS emu¬ 
lator software. Intel covers the Inboard 
386/PC with a five-year warranty, com¬ 
pared with the one-year warranties that 
ARC and Quadram offer. 

These 386 add-in boards for the 
PC are the ultimate in accelerators, of¬ 
fering reasonably cost-effective ways of 
upgrading system performance while 
preserving much of the existing invest¬ 
ment in hardware and software. They 
should not, however, be expected to 
do more than provide an increase in 
raw computing speed. 

A PC with one of these products is 
a far cry from a full 386 machine, with 
no immediate prospects of running 
protected-mode software, such as OS/2, 
Windows/386, PC-MOS/386, or UNIX. 
Whether any of this software will be 
adapted for these boards is still un¬ 
clear. Therefore, these products are 
recommended only for those who 
need a fast PC and can accept the fact 
that it essentially remains a PC. 

applied Reasoning Coiporation 
86A Sherman Street 
Cambridge, MA 02140 
617/492-0700 
PC-Elevator 386 
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Intel Corporation 

Mail Stop TOD-07 

5200 N.E. Elam Young Parkway 

Hillsboro, OR 97124-6497 

503/629-7354 

800/538-3373 

Inboard 386/PC 
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Quadram Corporation 

One Quad Way 

Norcross, Georgia 30093-2919 

404/923-6666 

Quad 386XT 
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Thomas V. Hoffmann, a consulting editor 
for PC Tech Journal, is manager of systems 
development at RoadNet Technologies Inc., 
located in Baltimore, Maryland. 
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Which would you like to see first? 

The world’s fastest dBASE compiler or the most 
powerful database development language? 


Surprise. Now you get both in the same package. 
New Clipper™ from Nantucketf 

Our latest version—Summer ’87—is still the best¬ 
performing compiler ever. It lets users run dBASE® 
applications up to 20 times faster. But there’s a lot 
more to it than raw speed. 

Because new Clipper is one of the most powerful, 
full-featured development languages ever. And 
gives you more control over your applications than 
any release of dBASE ever will. Now or in the future. 

Instead of designing Clipper as an add-on, we’ve 
structured it as an extended database language that 
uses dBASE as a subset. In addition to emulating 
the dBASE language, we’ve added commands for 
menus, screens, windows and extended functions. 
As a result, you get dBASE compatibilip^ and an 
entirely new level of power and versatility. 

And with Clipper’s open architecture, you can 
write functions in Clipper, C, Assembler or other 
languages, and integrate them into one seamless 
application. Which helps you create more sophisti- 

© Nantucket Corporation, 1988. Nantucket is a registered trademark and Clipper is a 
trademark of Nantucket Corporation. dBASE is a registered trademark of Ashton-Tate. 


cated applications in less time. And by using our 
full-featured debugger, you’ll be done even taster. 

We also mve you source code security that 
keeps users from damamng your application. And 
sophisticated record and file locking capabilities that 
make networking applications easier to aeate. But 
no matter what you create, you don’t have to buy 
runtime modules or additional software.You don’t 


even have to pay licensing fees. 

If you haven’t tried Cupper yet, just call (213) 
390-7923 today. We’ll send you full information and 
a free demo diskette. Or the complete program, 
if you’d rather. 

But call today. And see how easy it is to find the 


best dBASE development 
language. Just get the fastest 
compiler. And open the box. 

Clipper' 

Nantucket, 12555 W. Jefferson Boulevard 
Los Angeles, CA 90066 Telex: 650-2574125 
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TbMostofUs, 
Answers toTbday^ 
Perplexing Systems Questions 

Will Come inTime. 











.Fbr500(rflfe, 

TTict Will Come on June 13-15L 


SYSTEMS FORUM 88 . 


Confusion. Conflict. Chaos. These 
are the spirits that create the questions of 
today’s systems issues, and that make it 
tougher for you to predict what’s going to 
happen tomorrow. 

But in June, some of us will know 
more than the rest of us about what is 
happening now and what is going to 
happen. 

June 13 -15 are the dates for the 
second annual PC Tech Journal Systems 
Forum in San Francisco. This is where 
industry leaders -- both vendors and users 
-- will gather to handle the industry’s hot¬ 
test topics, and to take some of the 
confusion, conflict and chaos out of all 
that is happening to PC systems today. 

Last year, the first PC Tech Journal 
Systems Forum illuminated and impressed. 
TTie systems professionals who attended 
came away with the most expert and 
current information available. Some 
comments... “One of the most relevant 
forums/conferences I’ve been to,” and 
“PCTechJournaldidagreatjob. I 
especially like Will Fastie’s Donahue 
approach as moderator.” 

And for 500 systems professionals, the 
PC Tech Journal Systems Forum 88 will be 
even more illuminating than in 1987. 

This isn’t a lecture series; it’s expert 
panelists and a professional audience, 
posing questions and seeking answers for 
business. You’ll have your chance to 
explore the issues and problems that 
concern you most. Here’s a sample of 
what you’ll encounter at PC Tech 
Journd’s Systems Forum 88. 

1. OS/2: Out of the Starting Gate. 
Now that it’s out, where is it going? What 
is the state of software for OS/2? Do we 
have the right tools - and enough of 
them? 

2. Toward the 386 Platform. Is 

the 386 just a faster 286? Or is it opening 
up new desktop applications? What will 
f^ng 386 prices do to the sale of 286 
and 8088/86 machines? Will a 386 add-in 
board give you a full-fledged 386 
machine? 



3. Bus Wars. Who will win the 
war for bus supremacy - IBM’s Micro 
Channel, the “classic” PC bus, or AST’s 
new SmartBus? Will one emerge as the 
standard? Which one? What does that 
mean to you? 

4. Meeting the Needs of the End 
User. Today, with centralized control 
taking the “personal” out of “personal 
computer,” what do end users need? 
How do they get it? How are other 
important issues, such as training or 
so^are updates, handled? 

5. SQL: A Midterm Report. Now 
that it appears to be the standard, what 
must systems managers know about SQL 
to deploy distributed systems? Is SQL the 
only answer? 



6. Developing AppUcations for the 
Graphical User Environment. The 
Macintosh is here and the Presentation 
Manner is on the way. Are these new 
environments the basis for new solutions 
or more problems? Do the environments 
provide enough fiinction for the typical 
developer? 

7. At the Desktop: A Hardware 
Melting Pot. What software and systems 
issues are created by the typical melange 
of IBM compatibles, workstations and 
Macintoshes found in the workplace? 

8. Managing Your Network. In the 
growing world of LANs, how does the 
manager plan for administering them now 
and project resources necessary to 
manage them over time? 

9. The Network API Supermarket. 
With all of the application programming 
interfaces (APIs) available today, which 
one should the developer choose? How 
much is the choice affected by the net¬ 
work software? Is there a standard? And 
if not, do we need one? 

10. Networking Networks. If 
managing^one network is a challenge, 
how do you manage a network of net¬ 
works? How are they connected? How 
are the hardware and software in each 
LAN integrated with the others? 

The PC Tech Journal Systems Forum is 
a working meeting - a place where 
professionals learn from professionals. 
Because of that, registration is limited 
to 500. 

The cost for the three-day forum is 
S 795 (J 695 if you register before April 
15). Ask for special PC Tech Journal rates 
at the Westin St. Francis, the official 
forum hotel, by calling 415-397-7000 or 
Westin nation^ reservations at 
800 - 228 - 3000 . 

Register now, and get ready for the 
most enlightening and most important PC 
meeting of the year - beginning June 13. 

To register or for further information call 

800-544-PCTJ. 
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The answer to the dilemma—DOS or OS/2 ?— 
may be family mode, applications developed in 
family mode can run unchanged under either 
operating system. Of course, there are sacrifices. 

DAVID A. SCHMin 


BM and Microsoft, codevelopers of OS/2, are 
building bridges between the old world of DOS 
and the new world of OS/2. One such bridge is 
through family mode—programs that can run un¬ 
changed under both OS/2 and DOS. The very term 
family mode conveys that OS/2 and DOS are mem¬ 
bers of a compatible operating-system fa^nily. 

The same family-mode .EXE file can run in 
OS/2 protected mode, OS/2 real mode, and under 
DOS. When a family-mode application is running in 
protected mode, it enjoys the primary benefits of 
OS/2—access to more than 640KB of memory and 
the ability to run simultaneously with other pro- 
tected-mode applications. Family-mode applications 
cannot freely use advanced OS/2 features, such as 
internal multitlireading or interprogram communi¬ 
cations, because these are not available under DOS. 

For software developers, family-mode applica¬ 
tions offer the advantages of learning and using 
OS/2 without abandoning DOS compatibility. Family 


mode gives developers an alternative when faced 
with the either-or decision of designing OS/2 pro- 
tected-mode applications or continuing to write 
DOS applications while waiting for an 80386- 
specific operating system. 

Family-mode applications are valuable in aid¬ 
ing acceptance of OS/2 and easing transition to the 
new operating system. OS/2’s popularity depends 
largely on software developers running with the 
family-mode concept and making available signifi¬ 
cant protected-mode applications. 

This is particularly true given that OS/2 can j 
handle only one DOS program at a time while Jjl 
some DOS extensions and alternative operat- 
ing systems handle more than one, satisfying 
user needs to multitask existing DOS pro- 
grams (see “Choosing an Operating System,” and 
“386 Operating Environments,” Ed McNierney, 
Januarv^ 1988, p. 50 and p. 60, respectively). Unlike 
OS/3 of the future, which will exploit the power of 









FAMILY TIES 


80386-based computers and provide 
multiple DOS partitions, OS/2 allows 
running only one DOS program at a 
time and in a smaller partition than 
under native DOS. 

Two OS/2 features that support 
family mode are the application pro¬ 
gram interface (API) based on function 
calls and dynamic linking (see “An Ar¬ 
chitecture for the Future,” Martin 
Heller and “The Flexible Interface,” 
David A Schmitt, November 1987, p. 66 
and p. 110, respectively). OS/2 family¬ 
mode functions are shown in table 1. 

A family-mode application uses 
only OS/2 API features that have coun¬ 
terparts under DOS. The OS/2 Pro¬ 
grammer’s Toolkit contains a library 
named API.LIB that has DOS versions 
of many OS/2 API services. Functions 
in API.LIB are called according to con¬ 
ventions of the OS/2 API, but they gen¬ 
erate software interrupts corresponding 
to DOS and BIOS sendees. By using 
API services and programming tech¬ 
niques that are common to both oper¬ 
ating systems, family-mode applications 
can shield the user from knowing 
under which operating system a pro¬ 
gram is running. 

To construct a family-mode appli¬ 
cation, a developer first compiles and 
links it for OS/2, using that operating 
system’s standard build tools. Linking 
in this case means inserting references 
to the API routines in a dynamic link 
library^ (DLL). When the application 
is loaded for execution under OS/2, 
the loader resolves the references and 
then reads in the required API routines 
from the DLL. 

An OS/2 application is converted 
to a family-mode application by pro¬ 
cessing the .EXE file with the Bind 
utility that is provided with the toolkit. 
The Bind utility adds a stub loader and 
the necessary^ API.LIB routines to the 
.EXE file, but unlike a static linker, it 
does not resolve API calls, which would 
defeat dynamic linking and prevent the 
file from executing in protected mode. 

The dual-mode capability of the 
family-mode program is due to the fact 
that API calls are not resolved until 
load time. If loading occurs in pro¬ 
tected mode, the OS/2 program loader 
resolves tliese calls to OS/2 service 
routines in a DLL; in real mode, the 
stub loader performs this function, re¬ 
solving the same calls to DOS interface 
routines from API.LIB. 

In protected mode, both the 
loader and the DLL are parts of OS/2; 
the loader loads only the original por¬ 
tion of the .EXE file, ignoring portions 
added by Bind. The program loader 


TABLE 1: OS/2 Family-Mode Functions 


SYSTEM/FILE 

DosAllocHuge 

DosAllocSeg 

DosBeep 

DosCaseMap 

DosChDir 

DosChgFilePtr 

DosCLIAcess 

DosClose 

DosCreateCSAlias 

DosCWait 

DosDelete 

DosDevConfig 

DosDevIOCtl 

DosDupHandle 

DosErrClass 

DosError 

DosExecPgm 

DosExit 

DosFileLocks 

DosFindClose 

DosFindFirst 

DosFindNext 

KEYBOARD 

KbdCharIn 

KbdFlushBuffer 

VIDEO I/O 

VioGetBuf 

VioGetCurPos 

VioGetCurType 

VioGetMode 

VioGetPhysBuf 

VioReadCellStr 

VioReadCharStr 

VioScrollDn 


DosFreeSeg 

DosGetCollate 

DosGetCtiydnfo 

DosGetDateTime 

DosGetEnv 

DosGetHugeShift 

DosGetMachineMode 

DosGetMessage 

DosGetVersion 

DosHoldSignal 

DosInsMessage 

DosMkDir 

DosMove 

DosNewSize 

DosOpen 

DosPortAccess 

DosPutMessage 

DosQCurDir 

DosQCurDisk 

DosQFHandState 

DosQFileInfo 

DosQFileMode 

KbdGetStatus 

KbdPeek 

VioScrollLf 

VioScrollRt 

VioScrollUp 

VioSetCurPos 

VioSetCurType 

VioSetMode 

VioShowBuf 

VioWrtCellStr 


DosQFSInfo 

DosQVerify 

DosRead 

DosReallocHuge 

DosReallocSeg 

DosRmDir 

DosScanEnv 

DosSearchPath 

DosSelectDisk 

DosSetDateTime 

DosSetFHAndState 

DosSetFileInfo 

DosSetFileMode 

DosSetFsInfo 

DosSetSigHandler 

DosSetVec 

DosSetVerify 

DosSubAlloc 

DosSubFree 

DosSubSet 

DosWrite 


KbdSetStatus 

KbdStringIn 

VioWrtCharStr 

VioWrtCharStrAttr 

VioWrtNAttr 

VioWrtNCell 

VioWrtNChar 

VioWrtTTY 


The subset of OS/2 API functions that is available to a family-mode application 
consists of those services that have counterparts in DOS or BIOS. The real-mode 
routines that implement these functions are bound into the family-mode .EXE file, 
but they are replaced at runtime by dynamically linked OS/2 versions if the pro¬ 
gram runs in protected mode. Descriptions of these functions are provided in table 
3 in “The Flexible Interface,” David A. Schmitt, November 1987, p. 110. 


resolves all calls to OS/2 API functions 
via the dynamic linking facility. 

The presence of the loader and 
API routines in the .EXE file makes the 
program self-sufficient for execution in 
real mode. Whether under DOS or in 
the compatibility box of OS/2, die pro¬ 
gram loader reads the stub loader and 
the API.LIB functions into memory 
together with the rest of the program. 
The stub loader gets control, relocates 
the OS/2 API function calls to point to 
the API.LIB routines, and then passes 
control to the application program. 
From that point on, the application’s 
calls to the OS/2 API are translated into 
the equivalent DOS services by the 
API.LIB functions. 


UNDERLYING SUPPORT 

Key to the workings of family mode is 
the structure of the OS/2 .EXE file and 
the way the Bind utility transforms the 
executable file produced by the pro- 
tected-mode linker. To support new 
OS/2 features, such as segment protec¬ 
tion and dynamic linking, the format of 
an .EXE file is expanded from the rela¬ 
tively simple DOS structure. 

Figure 1 shows major sections of 
an OS/2 executable file. The file has 
three sections recognized by DOS: the 
header, relocation table, and DOS stub 
program. OS/2 sections begin with a 
header and end with a section for each 
OS/2 code or data segment. Intermedi¬ 
ate sections contain information about 


126 


PC TECH JOURNAL 












FIGURE 2: Family-Mode 


program-required segments, dynamic 
links, and other resources. 

As far as DOS is concerned, an 
OS/2 .EXE file consists of only the com¬ 
ponents before the OS/2 header. Any 
attempt to execute an OS/2 program in 
real mode causes DOS to load only the 
stub program, which displays a mes¬ 
sage indicating that the program can be 
run only in protected mode. As another 
option, the DOS-formatted header can 
specify a fictitiously large memory re¬ 
quirement, so the loader does not even 
attempt to load the stub. The pro- 
tected-mode loader gets the true mem¬ 
ory requirement from the OS/2 header 
farther down the file, ignoring most of 
the DOS-formatted information. 

Figure 2 shows the structure of a 
family-mode .EXE file that the Bind 
utility produces from the protected- 
mode .EXE file. Its major components 
are similar to those in figure 1, except 
that the small DOS stub that displays 
the warning message is replaced with a 
much larger section containing the stub 
loader, the functions extracted from 
API.LIB, plus any object modules ex¬ 
plicitly mentioned in the Bind com¬ 
mand. All OS/2 sections remain un¬ 
changed and are simply moved upward 
in the .EXE file to accommodate the 
expanded DOS section. 

When the program executes in 
real mode, the operating system loader 
reads in only DOS-formatted sections 
and passes control to the DOS stub 
program. Instead of displaying an error 
message as the default stub did, the 
one supplied by Bind reopens the .EXE 
file, loads the OS/2 code and data seg¬ 
ments, links OS/2 service calls and the 
functions from API.LIB, sets machine 
registers to the OS/2 entry conditions 
(see table 2), and then jumps to the 
main entry point of the OS/2 program 
that is fully set up to run under OS/2. 

Details about processing pro- 
tected-mode .EXE information and DOS 
memory allocation make the stub 
loader a little bulky. The .EXE file for a 
small sample application called 
FAMDEMO.ASM (listing 1) grows from 
1,116 bytes to 9,308 bytes, a factor of 
more than eight, after Bind processes 
it. The increase is not proportional to 
the original .EXE size. For example, the 
.EXE file of a moderately sized real 
application increased from 127KB to 
154KB after binding, an increase of 
only 22 percent. 

Performance of family-mode pro¬ 
grams is not an issue when loading or 
executing a program in protected 
mode because the OS/2 program 
loader ignores the real-mode portions 


FIGURE 1: OS/2.EXEFile 
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The file consists of two sections— 
one for DOS and one for OS/2. Each 
operating system ignores the other’s 
section. The DOS stub program issues 
an error message and terminates. 
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The expanded DOS stub program per¬ 
forms functions of the OS/2 loader: it 
links API function calls to the bound 
routines, sets entry conditions, and 
branches to the OS/2 entry point. 


of the file regardless of size. In real 
mode, loading is slightly slower, but 
DOS and OS/2 family versions of an 
application generally run at equivalent 
speeds. The routines in API.LIB are effi¬ 
cient. One disadvantage to family mode 
is the increase in memory required, 
because the API routines reside in the 
application’s memory space. 

FROM DOS TO FAMILY MODE 

In this early phase of OS/2 deployment, 
most interest in family mode probably 
comes from those who want to adapt 
DOS programs to OS/2 without losing 
DOS compatibility. A single executable 
file that runs in any mode lowers pro¬ 
duction and maintenance costs and 
leaves users less confused. 

If a DOS program is well-behaved, 
it can be adapted easily to family mode 
by recompiling it with the appropriate 
OS/2 compiler, linking it, and binding 
it to API.LIB. A well-behaved C program 
designed for DOS has these traits: 


• It handles DOS interfaces through the 
compiler’s standard library. 

• It does not use low-level DOS inter¬ 
face functions from the library, , such 
as int86, intdos, bdos, or bios. 

• It does not hook into hardware or 
software interrupts. 

• Keyboard and screen interactions use 
the simple glass-teletype approach or 
tlie ANSI.SYS driver for complex 
screen operations. 

• It treats 32-bit pointers as atomic ob¬ 
jects and does not separately manipu¬ 
late segment and offset portions. 

Some programs, for reasons of 
performance, deviate from these rules. 
In many cases, however, even they can 
be converted easily to family mode. For 
example, many screen-oriented pro¬ 
grams write direcdy to the video dis¬ 
play buffer or call the BIOS services 
instead of using DOS video services. 
Most of the OS/2 keyboard and video 
functions (with names beginning with 
Kbd and Vio) are available in family 
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TABLE 2: Registers at Entry to OS/2 Programs 


REGISTER 

CONTENTS 

DS 

Segment selector for the default data segment, or 0 if 
there is no such segment. 

ES 

A value of 0. 

SS 

Segment selector for the default stack segment. 

SP 

Offset to the top of the default stack. 

AX 

Segment selector for the environment segment, which 
contains the environment strings, the application file 
name, the command verb, and the residual command line. 

BX 

Offset to the command verb in the environment segment. 

CX 

Length of default data segment, with a value of 0 
indicating 64KB. 

BP 

A value of 0 normally pushed onto the stack to indicate 
the end of the stack frame chain. 


The entry conditions for family-mode programs are the same for OS/2, even in 
real mode. The most significant difference from DOS is that the DS register points 
to the data segment, not the program segment prefix (PSP). 


When your basic 
quantum leap is 
just not enough: 

ProBas™ 

Professional Basic 
Programming Library 

ProBas is a library of routines that kicks 
QuickBASIC and BASCOM into 5th gear 
and gives you powers and capabilities 
beyond your wildest dreams. It’s the 
greatest thing since sliced bread and you’ll 
wonder how you survived without it. So 
much for hype, now down to brass tacks: 

• 232 routines (226 in assembly) 

• 600 page 3-part manual 

• Windowing- features galore! 
e Full/partial screen snapshots 

• Virtual screens in memory 

• Assembly file I/O- fast! 

• Strings in numeric arrays 

• Access EMS as files or arrays 

• Full mou9e support 

Plus almost 200 other essential services to 
make your life easier and save hundreds of 
programming hours. For all versions of 
QuickBASIC and BASCOM including 
BASCOM 6.0 for OS/2! Just $99.00! 

ProBas™ T oolKit 

A selection of high-level modules that use 
the routines in the ProBas library to save 
hours of grunt work. 

• B-Tree file indexing system 

• Full-featured window editor 

• Memory resident data storage 

• Patch . EXE files with data 

• Menu generators for pop-up, 
pull-down, light-bar etc. 

The ToolKit comes with dozens of other 
powerful, handy, easy to use routines 
that conserve your most valuable asset of 
all, time. Frequent additions at $10.00 
per disk or free via modem! Requires 
ProBas . Just $99.00! 

ProBas™ 

TeleComm ToolKit 

Plug-in communications for use with 
ProBas. Includes file transfer protocols 
like XMODEM and YMODEM, terminal 
emulations like VTlOO and ANSI BBS, a 
script and command center, an auto-dialer 
with phone data base and more. The 
TeleComm ToolKit comes with a 
terminal program in BASIC, a detailed 
manual documented source code and a 
detailed manual. Just $75.00! 

ProBas, the ProBas ToolKit and the 
ProBas TeleComm ToolKit will make 
your programs better and save you 
countless hours- we guarantee it with our 
customer support staff and our 30-day 
money back policy. 

For detailed technical notes on all HCSI 
products, call our BBS system (1200/2400, 
8,N,1) at 301-953-7738, send in the 
reader reply card, or just call. We love to 
talk about ProBas! 

To order please call: 

301 - 953-2191 

HfiMMERLY 

COMPUTER SERV)CEa INC. 


8008 Sandy Spring Road Laurel, MD 20707 

No royalty and not copy protected. 


mode (see table 1). Some OS/2 ser¬ 
vices, also available in family mode, 
write directly to logical and physical 
video buffers (see the article, “The 
Flexible Interface”). 

The effort required to convert to 
family mode is lessened if interactive 
programs have keyboard and screen 
interfaces isolated into a few modules. 
Only these modules will need to be 
rewritten to use the family-mode API 
functions. For example, one person 
converting a spreadsheet program 
(30,000 lines of C code) to family 
mode using this technique took one 
week to complete the task. 

Determining if assembly language 
functions are well-behaved by visual 
inspection is more difficult than with C. 
Without a compiler to generate low- 
level code sequences, an assembly lan¬ 
guage programmer accidentally can use 
instructions that are not allowed in 
family mode. Developers should avoid 
the following common DOS coding 
practices that can cause problems in 
protected mode: 

• Software interrupts (INT instructions) 

• Direct access to I/O ports with IN 
and OUT instructions 

• Changing the state of the interrupt 
enable flag with CLI and STI 
instructions 

• Segment register arithmetic, such as 
the following sequence which ad¬ 
vances to the next 64KB segment: 

MOV AX,DS 
ADD AX,1000H 
MOV DS,AX 

• Timing loops, such as: 

MOV CX,1000 
DELAY: LOOP DELAY 


INT, IN, OUT, CLI, and STI instruc¬ 
tions cause protection violations be¬ 
cause OS/2 does not allow non- 
privileged processes to execute them. 
Segment register arithmetic often 
causes addressing exceptions because 
the process attempts to load an invalid 
selector into a segment register. Timing 
loops cause the program to behave er¬ 
ratically because the time delay might 
differ between real and protected 
mode, even on the same computer. 
Timing loops are ill-advised, even 
under DOS, because they might be¬ 
come invalid after upgrading to a 
faster computer. 

BUILDING NEW APPUCATIONS 

Designing new OS/2 applications that 
will remain compatible with DOS is a 
bigger challenge than converting exist¬ 
ing DOS programs. To develop applica¬ 
tions that will run the same in DOS 
and OS/2, developers should: use a 
high-level language (such as C); use 
whatever compiler options are neces¬ 
sary to generate only 8086 instruction 
sequences; use only library functions 
that restrict OS/2 API calls to family- 
mode services; and not rely on multi¬ 
tasking or access to more than 640KB 
of memory. 

Note that limiting a program’s sys¬ 
tem calls to the family API is not by it¬ 
self sufficient to insure execution in 
family mode. For example, an OS/2 
application could consist of two or 
more programs that expect to run si¬ 
multaneously and exchange data via 
shared files accessed via standard file 
I/O calls, not the interprocess commu¬ 
nication protocols. Even though each 
individual program uses nothing but 
family API calls, such an application 
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cannot be converted to family mode 
because it relies upon OS/2 multitask¬ 
ing for the concurrent execution of the 
several components. 

To avoid breaking these rules, the 
safest way to create a new family-mode 
application is to develop it entirely 
under DOS, but using the family-mode 
OS/2 functions instead of the DOS API. 
This negates the possibility of hidden 
dependencies on new OS/2 features, 
such as larger-than-640KB memory. 
Once the program runs under DOS, 
getting it to run in protected mode 
should be easy. 

Initially available OS/2 C compilers 
(from IBM, Lattice, and Microsoft) read¬ 
ily support family-mode programming 
in that they typically generate 8086 
code as default, and most library func¬ 
tions use only family-mode API ser¬ 
vices. Functions that do not support 
family mode represent a small fraction 
of the library and generally are de¬ 
signed for real-mode-specific tasks, 
such as generating software interrupts 
or interfacing with the network man¬ 
ager. Even without this small propor¬ 
tion of functions, family-mode applica¬ 
tions can use most of the functionality 
of a compiler’s runtime support library. 

Developers who want family appli¬ 
cations that behave differently in real 
mode than in protected mode can 
embed instruction sequences to exe¬ 
cute only under DOS and others to 
execute only under OS/2. 

A spreadsheet program, for exam¬ 
ple, could use a simple calculation al¬ 
gorithm under DOS, where the size of 
the spreadsheet is constrained by the 
640KB limit. In the OS/2 environment, 
where spreadsheets can get much 
larger than 640KB, it might be appro¬ 
priate to create a separate thread that 
calculates in the background while the 
user continues to enter data via the 
main thread running in the foreground. 
This reduces keyboard delay during 
recalculations. 

This method is easy to implement 
because nothing in either DOS or OS/2 
prevents loading an .EXE file contain¬ 
ing API calls and instruction sequences 
for the other mode, although the Bind 
utility detects any nonfamily API calls 
and issues warnings. If the program 
hits a real-mode instruction sequence 
under OS/2, such as a segment register 
arithmetic, the operating system aborts 
the program. It is not as clean under 
DOS, where a protected-mode instruc¬ 
tion sequence can cause a system crash 
or produce garbled results. 

DOS- and OS/2-specific sequences 
should be entered only after appropri- 
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ate mode tests. The simple C function 
that follows can be called to ask, “Is 
this OS/2 protected mode?” 

extern far pascal 

DosGetMachineMode(char far *); 
int isos2p(); 

{ 

char mode; 

DosGetMachineMode 
((char far *X^^ode)); 
return( (int )mode ); 

} 

The isos2p function calls DosGet¬ 
MachineMode, which is in the family 
API. The only argument to this API 
function is a pointer to a single byte, 
which is set to 0 for DOS and 1 for 
OS/2. A program can contain the fol¬ 
lowing logic to tailor its operation to 
the processor mode*. 

if(isos2p()) 

{ 

/* do OS/2 stuff */ 

} 

else 

{ 

/* do DOS stuff */ 

} 

The program needs to call 
DosGetMachineMode only once be¬ 
cause an application cannot change 


modes after it is started. Most OS/2 C 
compilers determine the machine 
mode as part of their start-up proce¬ 
dures and place the mode value in a 
global variable accessible throughout 
the program. The mode can be more 
efficiently determined by testing this 
variable instead of calling a function 
each time. With compilers that do not 
automatically provide such a value, de¬ 
velopers can call DosGetMachineMode 
once near the beginning of a program 
and place the result into a globally ac¬ 
cessible variable. 

SAMPLE APPUCATION 

The sample application FAMDEMO.ASM 
(listing 1) prints a message that identi¬ 
fies the mode in which it is running; it 
then exits to the operating system. The 
three OS/2 API calls—VioWrtTTY, 
DosGetMachineMode, and DosExit— 
are in the family API repertoire. The 
entry conditions (see table 2) are those 
of OS/2, even in real mode. Therefore, 
the DS register at entry points to the 
data segment, not die program segment 
prefix (PSP), so the application does 
not need to establish addressability to 
the data. If the program needs access 
to the PSP, it can obtain the address 
with function 62H of interrupt 21H 
(after determining that real mode is in 


effect). The most common reason for 
accessing the PSP is to obtain the ad¬ 
dress of the environment, but in family 
mode the loader places this address 
into the AX register. 

The following commands assem¬ 
ble, link, and bind the sample program: 

masm famdemo; 

link famdemo,„doscalls; 

bind famdemo doscalls.lib api.lib 

The assembler can be any version 
that produces Microsoft-compatible ob¬ 
ject files, but the linker must be the 
OS/2 version. The masm command 
produces the object file, called 
FAMDEMO.OBJ, from which the linker 
produces the protected-mode execut¬ 
able FAMDEMO.EXE, using 
DOSCALLS.LIB (given as the fourth ar¬ 
gument) to resolve calls to API func¬ 
tions. The functions themselves are not 
in this library file because the OS/2 API 
library is dynamically loaded at run¬ 
time. The semicolon after the library 
name indicates that no module defini¬ 
tion file exists. This is a new OS/2 
linker feature that gives developers a 
great deal of control over the structure 
of the .EXE file. 

The first argument to the Bind 
command is the name of the .EXE file, 
followed by the names of the DLLs 


Please write to: PC tech 
JOURNAL, RQ Box 2968, 
Boulder; CO 80322. 

Include your mailing 
label from a recent issue 
of PC TECH JOURNAL for 
faster service. Please 
allow up to 60 days for 
change of address to 
take place. 


Great Performances 



Demand an Encore 


Let us take your article to its highest 
level of marketing potential with a reprint! 

To find out how you can have your article or review 
elegantly reprinted ** on 80 lb. paper stock, in 4-color, 
2-color or 1-color, call or write today: 

Jennifer Locke—Reprints Manager; 

Ziff-Davis Publishing Company, 

One Park Avenue, New York, NY 10016, 212-503-5447. 

*‘Minimum quantity 500 reprints. 


































TABLE 3: Command-line Options for Bind Utility 


OPTION 

DESCRIPTION 

/O newexe 

Names a new executable output file to be created instead of 
replacing the input .EXE file. An extension other than .EXE 
may be specified. 

M mapfile 

Produces a symbol map file with default extension of .BM. 

/N June 

Binds the named function to the entty^ BadDynLink when the 
program runs under DOS. Instead of a function name, the 


argument can be @file to specify a file containing a list 
of such functions. 


The presence of calls to API functions not defined in family mode normally causes 
Bind to generate unresolved reference errors. The /N option allows binding such 
references to the BadDynLink entry, which may be a custom-written procedure. 


being used by the program. In the 
sample program, only one DLL is speci¬ 
fied—DOSCALLS.LIB. The command 
line also must specify APLLIB, the DOS 
binding library that provides the actual 
DOS versions of the API functions. Al¬ 
though the .EXE extension on the input 
file can be defaulted, die .LIB extension 
must be explicitly stated for the library^ 
files. This is because the Bind utility 
can accept object files, with .OBJ exten¬ 
sions, that are to be bound into the 
new executable file. 

DOSCALLS must be mentioned in 
both the Link and Bind commands be¬ 
cause Link consults the library in order 


to convert each API name (such as 
DosExit) into a numeric index, which 
is called an ordinal reference. The 
names usually are not placed into the 
.EXE file, and the OS/2 loader finds the 
required functions in the load-time DLL 
using ordinal references. APLLIB, how¬ 
ever, is not a DLL, and its members 
cannot be found by ordinal reference, 
but must be located by name. The 
Bind utility, therefore, must look in 
DOSCALLS.LIB to convert the ordinal 
references back to function names. 

Use of the Bind command as 
shown causes the new family-mode 
.EXE file to overwrite the protected- 


mode input file. The Bind command 
has other useful options, as shown in 
table 3. The most interesting and 
helpful option is /N, wJiich allows pro¬ 
grams to handle calls to functions that 
do not have family-mode versions in 
APLLIB. When binding a program with 
such calls (for example, within condi¬ 
tional constructs), the Bind utility 
generates an unresolved reference 
message for eveiy function that is 
not in APLLIB. 

If the developer identifies those 
functions in the /N option. Bind re¬ 
solves API references to a function 
named BadDynLink. The default version 
of this function supplied with APLLIB 
displays an error message and aborts 
the program. If a program error causes 
execution in real mode to fall into the 
protected-mode branch of a condi¬ 
tional, the program can end cleanly 
without crashing. 

Developers can supply their own 
version of BadDynLink in an object 
module that they name in the Bind 
command line: 

bind prog 
doscalls.lib 
badlink.obj 
api.lib 

/n DOSCREATETHREAD 
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> PC/TCP is a DOS-based 
implementation of TCP/IP, 
the only open standard 
for communicating 
between a wide range of 
hosts, including Apollo, 
AT&T, Cray, DEC, Hewlett- 
Packard, IBM, Prime, 

Sun and Unisys. 


U PC/TCP emulates termi¬ 
nals on local or remote 
hosts; Transfers files 
between any host and 
your PC, or between 
PCs; Sends and receives 
electronic mail. 


PC/TCP has the features 
you need, as well as 
speed, reliability, and sup¬ 
port when you need it 


Ethernet Token Ring, StarLAN and SLIP 

Over a Dozen Network Cards Supported 


For more 

information, call 


This includes the object file 
BADLINK.OBJ, which must contain the 
customized definition of function Bad- 
DynLink, in the output .EXE file. If the 
program prog makes any calls to 
DosCreateThread (the function men¬ 
tioned in the /N option) when running 
in real mode, the customized Bad- 
DynLink is called. Instead of ending the 
program, this BadDynLink could take 
some other action. 

The Bind utility has one annoying 
shortcoming. Unlike the linker. Bind 
does not use an environment variable 
to locate libraries not in the current 
directory. It is most convenient to keep 
source and library files in different di¬ 
rectories and build applications in the 
source directory while specifying the 
path to the libraries with the LIB varia¬ 
ble in the environment. Unfortunately, 
the Bind utility requires a complete 
path for all files. 
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SUDING IN SMOOTHLY 

As developers contemplate how to ap¬ 
proach OS/2 in their business endeav¬ 
ors, they should consider family-mode 
applications as a favorable way to get 
acquainted with the new operating sys¬ 
tem and remain commercially viable in 
the DOS market. Dual-mode applica¬ 
tions are an alternative to jumping 
head first into OS/2-only applications 
or, on the other hand, burying heads 
in DOS-only programs. 

Family-mode applications involve 
some limitations, however. They re¬ 
quire larger .EXE files and more mem¬ 
ory than pure DOS applications, they 
cannot perform interprogram commu¬ 
nications or multitasking within a sin¬ 
gle program, and they provide slightly 
slower loading in real mode. On the 
positive side, execution speed is not 
affected at all in protected mode and 
very slightly in real mode. 

Several advantages are apparent 
with family mode. First, users running 
family applications in OS/2 can take 
advantage of greater-than-640KB mem¬ 
ory and multitasking as it applies to 
running several programs at a time 
(not running more than one thread of 
execution within a single program). In 
addition, applications that run under 
both operating systems make mainte¬ 
nance and distribution easier. Finally, 
family-mode applications provide a way 
to discover the potential of OS/2, with¬ 
out abandoning DOS. 


David A Schmitt is president of Lattice Inc., 
which is now a subsidiary of SAS Institute. 
Schmitt has recently directed the adaptation 
of the entire Lattice C library to OS/2. 
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HIGH-SPEED — 16-BIT I/O 


LISTING 1: FAMDEMO.ASM 

.************************************************* 
• * 

; Demonstration family-mode program. * 

; Assemble, link and bind with OS/2 build tools. * 


************************************************* 


EXTRN 

DOSEXIT:FAR 

EXTRN 

VIOWRTTTY:FAR 

EXTRN 

DOSGETMACHINEMOOE:FAR 

STACK SEGMENT 

STACK PARA 'STACK' 

DB 

2048 DUP(?) 

STACK ENDS 


DGROUP GROUP 

DATA 

DATA SEGMENT WORD PUBLIC 'DATA' 

MSG1 DB 

"HELLO WORLDI I'M RUNNING IN " 

MSG1LEN EQU 

$-MSGl 

MSG2 DB 

'REAL MODE' 

MSG21EN EQU 

$-MSG2 

MSG3 DB 

'PROTECTED MODE* 

HSG3LEN EQU 

S-MSG3 

MODE DB 

? 

DATA ENDS 


CODE SEGMENT BYTE PUBLIC 'CODE' 

ASSUME 

CS:C0DE, DS:DGROUP 

; In all modes, 

DS points to data segment at entry. This is standard 

; for OS/2, is performed by Stub Loader under DOS. 

START: 


Call DosGetHachineModef&MODE) : determine mode 

PUSH 

DS ; push far address 

MOV 

AX,OFFSET DGROUP:MODE 

PUSH 

AX 

CALL 

OOSGETMACHINEMOOE 

; Call VioWrtTTY(&MSG1, MSGILEN, 0) ; write 1st message 

PUSH 

DS 

MOV 

AX,OFFSET DGROUP:MSG1 

PUSH 

AX 

MOV 

AX,MSG1LEN 

PUSH 

AX 

XOR 

AX,AX 

PUSH 

AX 

CALL 

VIOWRTTTY 

TEST 

M00E,1 ; which mode? 

JZ 

REAL 

MOV 

AX,OFFSET DGROUP:MSG3 ; protected mode msg 

MOV 

BX,MSG3LEN 

JMP 

SHORT WRITE2 

REAL: MOV 

AX,OFFSET DGROUP:MSG2 ; real mode msg 

MOV 

BX,NSG2LEN 

: Call VioWrtTTYf&MSGx. MSGxLEN. 0) 

WRITE2: PUSH 

DS 

PUSH 

AX 

PUSH 

BX 

XOR 

AX,AX 

PUSH 

AX 

CALL 

VIOWRTTTY 

; Call DosExitCO, 0) ; terminate 

XOR 

AX, AX 

PUSH 

AX 

PUSH 

AX 

CALL 

DOSEXIT 


CODE ENDS 

END START 


Listings can be doumloaded using PCTECHline, 3011740-8383. 
Parameters: 2400112001300 bps, no parity, 8 data bits, 1 stop bit. 


AT-* MAINFRAME 



VIA 

9-TRACK 

TAPE 


Catamount offers the Highest Performance 8-bit and 16-bit I/O 9-track tape sub¬ 
systems for reading and writing Mainframe-compatible i/ 2 -inch magnetic tape on the 
IBM PC/XT/AT and compatibles such as the Compaq 386. Outstanding features 
include; 


• 16-bit I/O, 128 KByte FIFO Buffered Interface for the AT and 
compatibles — No 8-bit bottleneck on the AT. 

• Interface burst transfer rate capabilities greater than 1 megabyte/sec. 

• Transfer data on either a DMA or Programmed I/O basis. 

• Disk drive emulation software for direct tape data access with higher level 
languages and database management programs. 

• D-type interface connector with shielded data cable for easy and reliable 
connection to the PC — No problem-prone Ribbon Cables. 


Complete Tape Subsystems are available to handle 800, 1600, 3200, and 6250 bpi 
formats and are priced from $3495, For more information, call today! 



CATAMOUNT 

CORPORATION 


Phone: (805)584-2233 
FAX: (805)584-0941 

2243 Agate Court, Simi Valley, CA 93065-1898 
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DATA ENTRY NETWORK 



Featuring ‘Standard RS-232 Serial Asynchronous ASCII Communications 

• 48 Character LCD Display (2 Lines of 24 Each) 

• 24 Key Membrane Keyboard with embossed graphics 

• Ten key numeric array plus 8 programmable function keys 

• Optional RS-422 multidrop protocol mode 

• Keyboard selectable SET-UP features —baud rates, parity, etc. 

• Size (5.625"W x 6.9"D x 1.75"H), Weight 1.25 lbs. 

• 5 X 7 Dot Matrix font with underline cursor 

• Displays 96 Character ASCII Set (upper and lower case) 

• Optional Bar Code Wand (shown) 


rD^puTffinrisf.iNc 

302 N. Winchester • Olathe, KS 66062 • (800) 255-3739 • TELEX 705337 


JUNE 1988 
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IDEAcomm 525iyMC, July 1987 

Local 3X Communications for the IBM PS/2 





IDEAmaxSO, Sept. 1987 

8MB Memory for the PS/2 Model 30 



IDEAcomm 5251/ Share/MC, Oct. 1987 

PS/2 Gateway Communications to the IBM System 3X 



IDEAmax/MC, Oct. 1987 

12MB Memory for the IBM PS/2 



IDEAcomm 3278/DFT/MC, Nov. 1987 


Local Mainframe Communications for the IBM PS/2 



IDEA Supermax 30, Nov. 1987 

SMB and Ports for the PS/2 Model 30 


On April 2,1987, IBM brought the world to a 
standstill when it brought the PS/2 to life. 

Now while everyone else waited to see how 
this latest offspring would be accepted, we quietly 
set out to create products that would help the PS/2 
reach its fullest potential. And two months later, 
we delivered. 

In fact, we were the first to devise completely 
functional local and remote links between the PS/2 
and System 3X minicomputers. First to offer local 


and remote gateway communications for the PS/2 on 
a local area network. And first with a Micro Channel® 
board that adds up to 12 megabytes of memory. 

Our list of firsts didn’t start with the PS/2, 
either. For example, we pioneered the industry 
standard in backplane design for multifunction 
boards. And we were the first to fully apply 
surface mount technology, which allowed us to 
put all the basic computing functions onto one 
PC board. (Interestingly enough, a year later IBM 
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Remote Mainframe Communications for the IBM PS/2 




IDEAcomm 5250/Remote Gateway/MC, Dec. 1987 IDEAmini/MC, May 1988 

PS/2 Remote Gateway to the IBM System 3X I/O Card for the IBM PS/2 


used surface mount technology to create the PS/2.) 

The ability to conceive products quickly stems 
from our corporate commitment. Since our inception 
in 1982, our goal has been to do more than enhance 
IBM’s personal computers. It’s been to truly advance 
them. Our in-house research and development team 
meets this goal so well, it continually develops PC 
enhancement products before IBM does. 


We’re IDEA. And if you want to find out 
what’s really happening with IBM’s personal com¬ 
puters, call us at 1-800-257-5027. We’ll be the first 
to tell you. 

IDEAssociates' 

The Leader in PC Technology 


IDEAssociates, Inc., 29 Dunham Road, Billerica, MA 01821, (617) 663-6878, Telex 4979780; France, Hong Kong, Germany, United Kingdom. 

The IDEA, IDEAcomm, Supermax and IDEAmax trademarks are registered in the U. S. Patent and Trademark Office by IDEAssociates, Inc. IDEAmini is a trademark of IDEAssociates, Inc. IBM and 
Micro Channel are registered trademarks of International Business Machines Corporation. PS/2 is a trademark of International Business Machines Corporation. 
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PROGRAMMING PRODUCTIVITY TOOLS 


C-TREE&R-TREE 

B-Tree File Manager Now Has Report Generator 


ESSENTIAL C 
UTILITY LIBRARY 

400 Functions, 30^ Each 

You’ve probably seen the speed and 
power of Essential’s C function library 
without knowing it. Software greats have 
been using it for some time to give to¬ 
day's top products pizazz and panache. 

Now grown to 400 functions Essential 
produces pop-up menus, save and re¬ 
store screens and windows to disk or 
memory in as little as 1/lOth second, 
and the fastest video output available. 
Library has a complete set of 50 busi¬ 
ness graphics functions, 40 string hand¬ 
lers. 28 functions for printers. 18 for 
mice. 11 for time and date. DOS interfac¬ 
ing functions offer disk error trapping, 
directory and file management. Every¬ 
thing in source, including sample pro¬ 
grams that demo library functions. We 
have versions with pre-built libranes for 
all well-known C compilers, and a 
source code librarian is supplied for roll¬ 
ing your own. 

List; PC Express 

C Utility Library $185 $119 

Essential Graphics $299 $225 

Essential Communications $185 $125 

with Breakout Debugger $250 $189 


c-tree : The only major b-tree file manager 
with network support in the standard low- 
cost version. c-treeTM gives you record¬ 
locking routines for DOS 3.1 /3.2, UNIX 
and XENIX, and it even comes in C source 
code, yet there are no royalties. Source 
sticks to K&R. so c-tree is portable. Tests 
in many environments prove it. 

Permits any number of keys for a data 
file—alpha, numeric, even floating point. 
Handles files with varied record lengths, 
multiple keys in one index file. Both high 
level and decomposed functions. It's the 
works. 


r-tree: Adds the ability to produce ad 
hoc reports from files maintained by 
c-tree (v. 4.1 and up). Link a file descrip¬ 
tion to the r-treeTM library, and use any 
text editor to write report scripts with no 
further C coding. Reports can access data 
in several files, select on criteria, join 
findings into new logical records, sort 
them, calculate new fields and columns, 
tabulate by control breaks. Comes in 
source, same portability as c-tree. and 
fits any compiler. 


List: Ours: Combined: 

c-tree; $395 $299 $499 

r-tree: $295 $235 


WINDOWS 
for DATA 

M^soft Windows Compatible 

"Onlt one package can be easily recom¬ 
mended" said Computer Language Qune 
’87) reviewing nine window and data entry 
products for C. Complete field level func¬ 
tions specify prompt string, field length, 
data type, screen location, picture, target 
variable, entry rules, help messages, 
even functions to call for validation once 
data keyed in. 

Windows for C is a subset. No data entry 
but all windowing functions. Unlimited 
windows can be made either to pop up 
or permanently overwrite the screen, 
scroll and highlight lists vertically and 
horizontally. Specify Compiler. Windows 
for Data: List $295. Ours $259. Windows 
for C; List $195, Ours $149. 


BLAISE 

C TOOLS PLUS/5.0 

C TOOLS PLUS/5.0 from Blaise Com¬ 
puting Inc. helps you to quickly 
build professional applications using the 
full power of Microsoft C 5.0 and QuickC. 
Now you can concentrate on program 
creativity by having full control over 
DOS. menus, interrupt service routines, 
memory resident programs, fast direct 
video access; windows: printer and key¬ 
board control, and more! 

Blaise Computing’s attention to detail, 
like the use of full function prototyping, 
cleanly organized header files, and a 
comprehensive, fully-indexed manual, 
makes C TOOLS PLUS/5.0 the choice for 
experienced developers as well as new¬ 
comers to C. 

C TOOLS PLUS/5.0 prebuilt libraries 
are ready to use with either QuickC or 
the Microsoft 0 5.0 command line envir¬ 
onment. Complete documented source 
code is included so that you can study 
and adapt it to your specific needs. 



List: PC Express: 

C TOOLS PLUS/5.0 

$129 

$ 99 

Turbo C TOOLS 

$129 

$ 99 

C ASYNCH MANAGER$175 

$135 

Turbo POWER TOOLS 

$ 99 

$ 75 

Turbo ASYNCH PLUS 

$ 99 

$ 75 


PANEL PLUS 

Library Source Code Gives It Complete Portability 


POLYTRON VERSION CONTROL 

Source Code Control for Any Language 


There are no end of tools for screen 
design and data entry, but none quite 
like Panel Plus. Design a screen under 
program control, use Panel’s utility to 
"run" and test it field by field, then 
pass it to Panel’s code generator which 
delivers C source code. Options style 
the code to your compiler’s liking, and 
you can of course do what you like to 
the source afterward. The code calls 
Panel Plus’s function library, but now 
the library comes in source, so every¬ 
thing produced is highly portable. Not 
like other screen managers delivered 
as object libraries and which leave you 
to write the detailed code. 

Panel Plus will operate in graphics 
mode via interfaces to graphics prod¬ 
ucts it supports and can utilize the 
EGA's 43-line screen. Low-level I/O 
functions adapt it to various keyboards, 
screens, operating systems. 

Panel’s newest incarnation has every 
imaginable feature. A single screen de¬ 
sign can have 1000 fields stacked as 
visual overlays up to 127 levels deep or 


as pop-ups. Groups of fields can be 
moved t^tween levels. Screens can be 
output as compilable code or stored on 
disk for loading at run-time. Each field 
can be boxed, colored, multi-row, word¬ 
wrapped. and scrolled horizontally and 
vertically if larger than its on-screen 
view aperture. It can be assigned its 
own help and error message, can be 
told to accept certain characters, or to 
match a picture, and to check data 
after entry—proper dates, number 
ranges, etc.—using Panel’s or your own 
validation routines. You can add your 
routines to Panel’s test utility because 
even it comes as source. Fields are ac¬ 
cessed in any order and control reverts 
to your application program after each 
field for choice of action. 

For past Panelists, the new version has 
smaller and faster field and screen 
functions, tighter granularity, and an en¬ 
hanced. reworked library. Major tool 
for the serious developer. List; $495, 

PC Express: $395. 


dBC Identical dBASEm Plus FUes Using C 


d BCTM is a series of C libraries from 
Lattice which creates, accesses and 
updates files identical to those of dBASE 
itself. So dBASE can read and update the 
files too. 

What for? It means both C and dBASE 
applications can operate on the same 
data bases interchangably. It means C 


Payment: We honor MasterCard, Visa, Amer¬ 
ican Express (no surcharge), checks in ad¬ 
vance, or funds wired to PC Express, c/o Chem¬ 
ical Bank, 126 East 86 St., New York. Account 
034-016058. COD (U.S. only) for cash, money or¬ 
der, certified check (no fee). NY State, add sales 
tax. Purchase orders accepted from larger cor¬ 
porations and institutions at our discretion if 
you agree to net 30 days plus 2% a month late 
penalty thereafter. 

Shipping & Handiing: U.S.: UPS Surface: 1st 
product $6, each add’l $3. UPS 2nd Day Air: 1st 
product $12, each add'l $6. UPS Next Day Air 
and Federal Express shipment costs based on 
weight. International: Charges vary by destina¬ 
tion and carrier. $10 per shipping container for 
export forms. Air parcel post at your risk beyond 
collected insurable amount. 


programmers can interface with the big 
market of dBASE users out there, yet 
side-step the dBASE language. It means 
dBASE applications can now be linked to 
the universe of C libraries and tools to 
add windows, graphics, statistical analy¬ 
sis, all the things dBASE cannot do. It 
means the speed and power of C to im¬ 
press clients accustomed to dBASE! 

dBC’s functions parallel all dBASE’s file 
handling commands, many decomposed 
to permit direct data manipulation. Our 
versions of dBC mimic file formats for 
dBASE II and III and now dBASE III Plus 
makes your programs network ready!... 
as many stations as a network allows. 
Hands-off mode handles record and file 
locking and unlocking automatically. 
Close in functions give you direct lock/ 
unlock control. 

Supports all four memory models. 
dBASE II. III...Ust: $250, Ours; $125. 
dBASE III Plus...List: $750, Ours: $595. 
Call for Source Code Pricing. 


PVCS allows programmers, project 
managers, librarians and system ad¬ 
ministrators to control the proliferation 
of revisions and versions of source 
code in software systems. Independ¬ 
ent programmers, the leading soft¬ 
ware publishers and LAN companies, 
and hundreds of Fortune 1000 com¬ 
panies rely on PVCS to store and re¬ 
trieve multiple revisions of text. It 
maintains a complete history of revi¬ 
sions as an "audit trail", generates 
status reports, and uses intelligent 
"difference detection" to minimize 
disk space for each new version. 

On Corporate and Network PVCS 
simultaneous changes to a module are 
merged into a single new version. If 
changes conflict, the user is notified. 


The "Logfiles" used to track changes 
are interchangeable between any 
PVCS product. 

Corporate PVCS is for multiple pro¬ 
grammers. It includes "branching" to 
maintain code when programs evolve 
on multiple paths. Personal PVCS 
offers most of the power and flexibility 
of corporate PVCS, but excludes mul¬ 
tiple programmer features. Network 
PVCS is the Corporate version for 
LANs. File locking and security levels 
can be tailored to each project. 


Ask for: 

List 

PC Brand; 

Personal PVCS 

$149 

$129 

Corporate PVCS 

$395 

$329 

Network PVCS 

Call 

Call 

PolyMake 

$149 

$129 


C-WORTHY INTERFACE LIBRARY 


T he C-WorthyTM Interface Library 
wraps an entire user interface 
around your application. Its full power 
can be summoned by only a few high 
level calls. Sound exaggerated? A single 
function call can set up a complete text 
editor in a screen window. Recently ac¬ 
quired by Solution System, over 600 
pages of Documentation, Turbo and 
Quick C version and a complete Inter¬ 
face Library have been added. 

•High level calls pop menus and scroll¬ 
able choice lists to the screen, restoring 
the background when dismissed. 
•Windowing facilities open portholes of 


up to screen size for viewing virtual 
screens larger than the physical screen. 
•Full context-sensitive help screen man¬ 
agement takes over these chores and 
error messages. Automatic routines inter¬ 
rupt with pageable text windows explain¬ 
ing what to do next. 

Novell found it "played a key role and 
accelerated development" in making its 
NetWareTM utilities easier for users. In¬ 
genious demo: call for it. 

Ask for: List: PC Express- 

C-Worthy $195 $159 

with Forms Library $295 $269 


THE SPINDRIFT LIBRARY 


Fully Functional Fortran Library. 

Spindrift’s smooth package offers 
something previously unavailable to the 
Fortran buffs...a basket of functions, 
packed to the brim. No more tedious 
coding. Just call on Spindrift with it’s 
armoury of functions. 

Any number of Windows may be 
defined, each with a striking border 
and brilliant color. Define "pop-up" 
screens, Save/Restore images, set Cur¬ 
sor shape. Snare an entire screen into a 
Character array. 


The Keyboard: read it without echo, 
or sense any keypress during execution. 
Cursor controlled directly with 
Edit keys. 

DOS interface includes: Call System, 
Call Exec, Findfrst/Findnext for (*) and 
(?) file searching. Search the Path, sub¬ 
directory and file manipulation, com¬ 
mand line argument parsing, date/time 
functions, DOS environment access, and 
much more. Other utilities also included. 

Specify compiler, Microsoft or Ryan 
McFarland. List: $149.00. Us; $129.00 


PC EXPRESS ' 1-800-321-7733 S 


A Division of PC BRAND 

OVERNIGHT SOFTWARE DELIVERY 


150 FIFTH AVE.. NEW YORK. NY 10011-4311 PHONE: 212-242-3600 
FAX: 212-627-1171 TELEX: 667962 (SOFT COMM NYK) 

All prices subject to change. Delivery subject to availability. 

Shipp/ng Wa UPS *6.00. S3.00 lor .act) additional product Call lor orarnighi dallvarr charges. 














PC EXPRESS' PROGRAMMER’S WORKBENCH 


dBASE AT THE SPEED OF C 

dBx Tiranslates dBASE Applications to C 


You dBASETM programmers know what 
an expressive and readable language 
dBASE is. It’s a very comfortable devel¬ 
opment environment. But the price is de¬ 
based performance. Even compiled 
dBASE doesn’t offer the speed that some 
users require these days. The kind of 
speed offered by software written in the 
C language. The answer is dBxTM. 

dBx translates dBASE to C. It offers you 
a major competitive advantage over the 
next dBASE programmer: Keep writing 
in dBASE. T^e every application aD the 
way to completion. Then use dBx to 
translate them top to bottom to C! 


Other advantages: C is portable, even 
to other operating systems like UNIX/ 
XenixTM. To the Macintosh or Amiga. 
dBx gives your applications a passport to 
places dBASE cannot go. 

Has its own file manager for single 
user, but links to major C file managers— 
c-tree and dBC—for compatibility with 
dBASE files or multi-user support. We 
have everything you’ll need, including 
good advice. 

List: Ours: 

dBx $550 $419 

with Library Source $950 $725 

Call for Full Source Pricing 


BRlEF/dBRIEF 

The Power Environment for dBASE Programming 


Many worthy utility products supply 
needs that dBASE®’s programming lan¬ 
guage doesn’t-dUTILTM, dFLOWTM 
and a host of others. Trouble is, you have 
to use them separately, then combine 
their output into your dBASE program 
files. 

No longer. dBRIEFTM, written in 
BRIEF'S macro language, grabs hold of 
BRIEF and turns it into a complete dBASE 
III and III Plus programming domain. 
Using BRlEF’s underlying shell capabili¬ 
ties and its own interfaces, dBRIEF can 
run external utility libraries, plus dBASE 
itself, and link to the ClipjoerTM, 
Foxbase+TM and Quicksilver compilers, 
all with dBRIEF still loaded and running 
the show. It can do what BRIEF already 
does plus: 


• Convert a screen layout into dBASE 
code for interactive data entry. 

• Display dBASE file structures in 
windows, a great convenience alongside 
your program files. 

• Expand keystrokes into full dBASE 
statements. 

• Indent automatically for clegic 
display. 

• Create databases; index files; invoke 
Ashton-Thte’s dFCRMATTM and 
dCCNVERTTM; draw lines and boxes. 

’’Simply marvelous programming en¬ 
vironment for writing and editing dBASE 
programs.”, PC Magazine, 7/86. Source 
code included! 

Requires BRIEF 1.32 or later and 384k; 
512k to run dBASE within dBRIEF; 640k 
and harddisk recommended. 

BRIEF/ dBRIEF.. .Dst $225,Curs: $219. 


APPLICATIONS PLUS For dBASE 

TTie Complete dBASE Companion 


Who says you can’t have it all? 

APPLICATICNS PLUS has everything 
you need to get the most out of dBASE: 
An application generator (QUICKCCDE 
PLUS), relational report writer (QUICK- 
REPCRT), and graphics system 
(dCRAPH). 

QUICKCCDE PLUS offers dozens of 
features you’ve never seen before in a 
dBASE code generator. Relational appli¬ 
cations that read, display, and update a 
dozen or more databases simultaneously. 
’’Real-time” calculations, performed on 
screen as the user enters each field. 
Forms up to 11 screens long, with the 
ability to pass data between screens. 
Computational formulas that automati¬ 
cally combine data from different data- 
ba.ses. 9 Data types. 16 field types. 


QUICKREPCRT is a full-featured rela¬ 
tional report writer, which combines up to 
6 databases in one report, handles many- 
to-one relations, fancy printer features 
Gike bold and italics), computed fields, 
and up to 16 levels oftotalling and sorting. 

dCRAPH is a graphics system that pro¬ 
duces bar, pie, line, and piebar charts 
directly from dBASE data. Dozens of op¬ 
tions let you tailor graphs to your needs. 

APPLICATICNS PLUS is 100% compa¬ 
tible with Clipper and FoxBASE+. 


APPLICATIONS 

List: 

Ours: 

PLUS 

$299 

$249 

QUICKCODE PLUS 

$295 

$170 

QUICKREPORT 

$295 

$170 

QUICKENTRY 

$ 99 

$ 59 


NOVELL: BTRIEVE, XQL, XTRIEVE 


Sophisticated Tools Essential 
For Fast Database Handling 

Btrieve is a library of subroutines that 
allows the programmer to build a data¬ 
base application using any language. It 
takes complete charge of all file creation, 
indexing, reading, writing, insertion, 
deletion, forward and backward search¬ 
ing. Its balanced tree indexing scheme 
finds any key in a million in less than 4 
accesses...That’s fast! 

Btrieve is multi-lingual also. It includes 
more than 20 language interfaces (includ¬ 
ing C, BASIC, PASCAL, FCRTRAN). 
However if it turns out that you are using 
something a little unusual, worry not. The 
manual includes a chapter on how to 
write a language interface to Btrieve. 

Btrieve’s vital statistics are equally im¬ 
pressive. Files may have up to 24 indexes; 
fixed record length to 4090 characters; 
variable length to 64K; indexes to 255 
characters; files of 4 billion bytes. Net¬ 
work support includes Novell, 3-COM, 
IBM PC NET, Software Link’s Multilink 
and many others. 

XQL is a relational database manage¬ 
ment system designed especially for pro¬ 
grammers. Imagine being able to access 
your database with the ease of SQL 
(Structured Query Language) statements 
and still having the power to process that 
data right down to the byte level. 

Think about your applications. A large 
part of your software development effort 
is probably devoted to managing data 
stored in files on disk. Hours spent writ¬ 
ing lines of code to search and store data 


records could have been used to pro¬ 
gram more important parts of your appli¬ 
cation. Why not let XQL do it for you. 
XQL will increase your programming 
productivity and let you focus on building 
better applications. 

The XQL system works in tandem with 
Btrieve and has an equally powerful 
chassis...No limit on the number of 
records per file. Max. file size is 4 giga¬ 
bytes, Max. record size equals 4K, Max. 
indexes per file is 24. The one version 
works for single or multiuser systems, 
DOS Ver 3.0 or greater. All languages 
are supported. 

Xtrieve is the final ingredient in the 
Novell programming recipe. It is a menu 
driven, data retrieval system, that allows 
you to quickly find information and dis¬ 
play reports. System developers can 
easily customize Xtrieve to display com¬ 
mand menus, help files, and error mes¬ 
sages in the English spoken by the cus¬ 
tomer. Xtrieve screens then gives menu 
choices that users can quickly recognize, 
making Xtrieve an easy product to use 
and understand. 

Report Option for printing customized 


reports, form letters, mailing labels & 
statements. 

List: Ours: 

Btrieve 

$245 

$175 

Btrieve/N 

$595 

$445 

XQL 

$795 

$595 

Xtrieve 

$245 

$220 

Xtrieve/N 

$595 

$459 

Report Option 

$145 

$128 

Report Option/N 

$345 

$269 


GSS GRAPHICS SYSTEM 

Leave the Device Driving to GSS 


For serious applications stick to the tools 
that stick to the standards. Not the least of 
reasons why GSSTM has emerged as the 
pre-eminent graphics toolmaker is that it 
has always conformed to ANSI standards. 

At the heart of the system is the CGI 
standard Development Toolkit. It has all 
language interfaces and device drivers 
for keyboards, mice, joysticks, tablets, 
printers, plotters, cameras. The drivers 
completely insulate your application 
from concern for device idiosyncracy. 

GSS KemelTM conforms to ANSI’s GKS 


2b and has all its drivers and language 
bindings. Macro level tools to draw, color, 
segment, transform, store and recreate 
an object. The Metafile Interpreter reads 
ANSI CGM files with full CGI capability 
for recreation on various devices. 

Quality software? IBM thinks so. They 


sell GSS under their own label. Royalties. 

Needs 256k. 

List: 

Ours: 

CGI Dvlpment Toolkit 

$495 

$425 

Kernel System 

$495 

$425 

Kernel for IBM RT 

$795 

$645 

Metafile Interpreter 

$295 

$265 


CLIPPER $399 

RELATIONAL 90 

XK%jLJL\ report writer 


MICROSOFT LANGUAGES 

Powerful Implementations Of The Most Popular 
Programming Languages tionary concept in BASIC programming. 


Microsoft C 5.0: The flagship of the 
Microsoft line runs up to 30 percent faster 
than its predecessor. Its new optimization 
features deliver untouchable execution 
speeds, 100 new additional library 
routines... 

Microsoft MacroASSEMBLER 5.0: If 
you ever wanted to take on the challenge 
of assembly, here’s your opportunity. 
”MASM” 5.0 is a lot easier to use, has 
completely revised documentation, and a 
new "Mixed Language” programming 
guide that gives you step by step instruc¬ 
tions for linking your assembly code with 
other Microsoft languages. 

Microsoft QuickBASIC 4.0: is a revolu- 


It allows you to run, edit, debug, and run 
again. Our friends at Microsoft have elim¬ 
inated the dreaded compile step. When¬ 
ever you edit your code QB4 automa¬ 
tically incorporates your changes, so that 
it can run a program of 150,000 lines in 
less than a minute. 

Each member of this language family 
includes the renowned debugger 
CODEVIEW. 



List: 

Ours: 

Microsoft C 

$450 

$295 

Microsoft Macro¬ 



ASSEMBLER 

$150 

$109 

Microsoft QuickBASIC 

$ 99 

$ 66 

Microsoft FORTRAN 

$450 

$295 


MORE PROGRAMMING 
TOOLS FOR... 

dBASE, C, FORTRAN, BASIC, 
COBOL, PASCAL 

dbc ISAM, FoxBASE, Greenleaf, Halo '88, 
Logitech MODULA, MicroFocus COBOL, 

Norton Utilities, Panel Plus, Periscope, Phoenix, 
Polytron, RM/COBOL, Sprindrift, Tom Rettig’s 
Library, Windows for Data...and many more. 

Call or write for prices and 
information. 

CIRCLE NO. 233 ON READER SERVICE CARD 


PC EXPRESS ' 1-800-321-7733 s 


A Division of PC BRAND 


OVERNIGHT SOFTWARE DELIVERY 


150 FIFTH AVE., NEW YORK, NY 10011-4311 PHONE: 212-242-3600 
FAX: 212-627-1171 TELEX: 667962 (SOFT COMM NYK) 

All prices subject to change. Delivery subject to availability. 

Shipping via UPS $6.00. $3.00 for each additional product. Call tor overnight delivery charges. 














PRICED TO SAVE, SHIPPED FAST!!! 


FRONTRUNNER (a new Ashton Tate product 

created by Apex Software) 


GREENLEAF LIBRARIES 


FrontRunner generates memory- 
resident pop-up applications using the 
dBASE III Plus or dBASE IV program¬ 
ming language. Once your memory- 
resident pro^am is created, pop-up your 
program while using Lotus 1-2-3, any 
dBASE program, Clipper, Basic, any 
word processor, DOS or any program 
written in any language. Pop-In and Pop- 
Out of any software package instantly. All 
data files and indexes created are 
dBASE compatible. FrontRunner applica¬ 
tions can be compiled into binary files for 
protected distribution and unparalleled 


speed. The user selects a hot-key to call 
up an application. Use the unique 
POWERKEY feature to define additional 
hot-keys within the application. A power¬ 
ful paste command allows the user to ex¬ 
tract data from a FrontRunner application 
into a word processor, spreadsheet or 
other application. Use FrontRunner for 
pop-up help screens, account listings, 
phone diredories, schedules, random 
notes, printing mailing labels.... anything 
imaginable. 

FrontRunner....List; $295, Ours: $195 
(new low price!) 


Functions 

C source, assembler source, and 
binary libraries of 225 functions for 
many compilers. Emphasizes tight func¬ 
tional groupings to minimize loading 
code which your application may never 
use. Manual's 250 pages help select 
functions, as do demos, bulletin board. 

Conununications 

Communicate from within your own C 
programs! Over 120 functions and 
demo programs in C and assembler 
source to set up interrupt-driven asynch 
communications for up to 16 channels. 
Up to 9600 baud. ASCII or binary, any 
parity or word length, 8250 UARTs, 


Xon/Xoff and Xmodem, WidelVack re¬ 
ceive. Goodbye separate communica¬ 
tions software. Specify compiler. 

Data Windows 

Windows, menus and data entry do 
work together...when you utilize Green- 
leaf's screen architect. This smooth 
screen designer offers device inde¬ 
pendence, logical windows, table driv¬ 
en data entry and economical pricing. 
Source code is also available. 

List Ours 

Communications $185 $139 

Functions $185 $139 

Data Windows $295 $249 

Complete 3 in 1 Pack $665 $425 


Shopping List tor the Power Workbench 


ASSEMBLER LIST US 

Microsoft Macro Assembler with Utilities . 150 109 

PASM 86 by Phoenix, Macro Assembler... 195 109 

ASSEMBLER Support 

Btrieve Softcraft’s File Manager. 245 175 

GSSCG\....Deviceindependentgraphics .. 495 425 

BASIC 

Microsoft BASIC lnterpreter../orXEA//X ... 350 249 

Microsoft QuickBASIC... Ver 4.0. 99 66 

Turbo BASIC. NEW from Borland . 100 75 

BASIC LIBRARIES & UTILITIES 

Btrieve ^ftcraft’s File Manager. 245 175 

GSS CGI...Device Independent Library ... 495 425 

Halo Graphics by Media Cybernetics. 325 249 

C LANGUAGE COMPILERS 

C86 PLUS by Computer Innovations. 497 397 

Lattice C Compiler Now ver 3.2 . 450 299 

Let’s C Compiler from Mark Williams Co .. 75 55 

Mark Williams C full development system . 495 369 

Microsoft C Compiler with free CODEVIEW 450 295 

Microsoft QuickC....Spec/a/ Price . 99 66 

Turbo C. New from Borland . 100 75 

C LIBRARIES—Communications 

Asynch Manager by Blaise. 175 135 

Greenleaf Communications. 185 139 

Essential Communications. 185 125 

Essential Communications Plus. 250 189 

C LIBRARIES—FILE MANAGEMENT 

Btrieve Softcraft’s File Manager. 245 175 

Btrleve/N File Management for Networks.. 595 445 

Ctree by Faircom.with full source. 395 299 

RUee...Report Gen. for Ctree . 295 235 

Ctree & Rtree. Special Combination _ 650 499 

dBC ISAM Accesses dBase files. 250 175 

with Source code. 500 349 

dBC III Plus multiuser. 750 595 

with Source code. 1500 1195 

Opt Tech Sort Super fast sort for Btrieve... 149 105 

XOL....SQL from NOVELL . 795 595 

C LIBRARIES—Graphics 

Essential Graphics.../70 roya/f/es. 299 225 

GSS CG\....Device independent graphics .. 495 425 

GSS Metafile Interpreter stores images ... 295 265 

Halo’88by Media Cybernetics. 325 249 

Halo for Microsoft Languages. 595 434 

C LIBRARIES—Screen Design 

Curses from Lattice,UNIX lookalike. 125 99 

with source. 250 199 

C Worthy....by Custom Design Systems ... 195 159 

C Worthy with Forms. 295 269 

Greenleaf Data Windows. 295 225 

Microsoft Windows Dev. Toolkit. 500 365 

Panel Plus by Roundhill. 495 395 

View Manager for C,Blaise. 275 199 

Vitamin C...Creaf/VeProgramm/A7g. 225 198 

VC Screer\...Source code Generator . 100 81 

Windows for C. 195 149 

Windows for Data. 295 259 

Zview....Da/a Management Consultants ... 245 175 

C UTILITY LIBRARIES 

Basic C....Basic-like routines for C . 175 139 

Blaise CTools Plus/5.0....///WsC <S QuickC.. 129 99 

Blaise Turbo C Tools...//7i/rboC. 129 99 


C Food Smorgasbord by Lattice. 

C Utility Library by Essential,300 functions 

Greenleaf Functions. 

PforCe by Phoenix, vast library. 

OTHER TOOLS 

BASJOC...JMl,Translates BASIC toC . 

dBX Translator. dBASE to C translator .. 

with Library Source. 

Pre/C....by Phoenix, like UNIX lint . 

PC-LINT..by Gimpel, subset of UNIX Lint .. 

COBOL 

Micro Focus COBOL/2. 

Micro Focus Toolset. 

Micro Focus Personal COBOL. 

Microsoft COBOL inc. COBOL Tools. 

for XENIX. 

RM/COBOL..by Ryan McFarland . 

RM/COBOL85.../\/VS/85. 

COBOL Support 

Btrieve Softcraft’s File Manager. 

GSS CGI...Device independent graphics .. 

Halo. from Media Cybernetics . 

RM/Screens..Screen generator . 

RM/Net+ 5...R/M COBOL networking . 

DBASE & RELATED PRODUCTS 

Applications Plus....Fox & Geller . 

Brief & dBriei..Editor/Macro lang for DBase 

Clipper. Nantucket's DBase Compiler... 

DATA-p. \A/allsoft . 

dBC III Plus supports multiuser commands 

with Source code. 

dBC ISAM...accesses dBase files . 

with Source code. 

dBX Translator. dBASE to C translator .. 

with Library Source. 

dFlow. Wallsoft . 

Documenter. Wallsoft . 

FoxBase+. Fox Software . 

Multiuser version. 

QuickCode Plus. Fox & Geller . 

QuickEntry. Fox & Geller . 

QuickReport. Fox & Geller . 

Ul Programmer.... Wa//so//. 

FORTRAN Compilers & Utilities 

Btrieve: Softcraft’s File Manager. 

GSS Graphics Development Toolkit...CG/ . 

GSS GKS...Kerne/ Sys,ANSI Level 2b . 

Halo ’88. from Media Cybernetics . 

Microsoft Fortran.. Ver 4.0,/nc. CodeView .. 

for XENIX. 

R/M Fortran...A/VS/ 77by Ryan McFarland. 

for XENIX. 

Spindrift Library....By Sp/ndr/fr Labs . 

PROLOG 

APT.PROLOG Tutor . 

Arity PROLOG Compiler & Interpreter- 

Arlty PROLOG Interpreter. 

Arity Standard PROLOG . 

PROLOG-86 Plus. Solution Systems .. 

Turbo PROLOG...Bor/and Inti . 

Turbo PROLOG Toolbox...Bor/and. 

TEXT EDITORS 

Brief. from Solution Systems . 

dBriet./Wacro lang for Brief & DBase ... 


LIST 

US 

150 

109 

185 

119 

185 

139 

395 

199 

495 

399 

550 

419 

950 

725 

295 

154 

139 

125 

900 

795 

900 

795 

149 

134 

700 

499 

995 

749 

950 

675 

1250 

895 

245 

175 

495 

425 

325 

249 

395 

335 

300 

249 

299 

249 

275 

219 

695 

399 

60 

50 

750 

595 

1500 

1195 

250 

175 

500 

349 

550 

419 

950 

725 

149 

124 

295 

244 

395 

219 

595 

349 

295 

170 

99 

59 

295 

170 

295 

244 

245 

175 

495 

425 

495 

425 

325 

249 

450 

295 

695 

499 

595 

425 

750 

599 

149 

129 

65 

59 

650 

569 

295 

229 

95 

77 

250 

199 

100 

75 

100 

75 

195 

155 

95 

75 


Brief & dBrief Combo. 

Condor Editor...Condor Corp SUPER SALE 

Epsilon. Lugaru . 

KEDIT. Mansfield..identical to XEDIT.... 

KEDITVer.4.0. 

Pmate. Phoenix . 

Vedit Plus. Compuview . 

DEBUGGERS 

Advanced Trace 86. Morgan . 

C-Sprlte...Soorce debugger for Lattice C .. 

Periscope I...Board, Switch, Software . 

Periscope W..Breakout Switch & Software . 

Periscope II. Software only . 

Periscope III....8/W/7Z. 

Periscope III... 70 Mhz . 

Pfix 86 P\us....Phoenix symbolic debugger. 

LOGITECH 

MODULA-2 Compiler Package. 

MODULA-2 Development Pkg. 

MODULA-2 Toolkit. 

MODULA-2 ROM Package. 

MODULA-2 Window Package. 

PHOENIX 

Pasm 86. Macro ASSEMBLER . 

Pdisk. Disk Management Utility . 

PFantasy. six-pack take-away . 

PFinish. Profiler . 

PFix 86 Pius.Symbolic Debugger. 

PForCe. Utility library . 

PforCe... P/orce/or C. 

PLink 86+ ...sophisticated overlay linker .. 

PMaker. make utility . 

Pmate. Text Editor . 

Pre-C. Superset of UNIX Lint . 

Ptel. Binary Transfer Program . 

POLYTRON 

Po\yBoos\....Software accelerator . 

PolyDesk lll..3rd Generation Desktop org.. 

PolyUbrarlan...Library Manager . 

PolyLibrarian II. 

PolyMake. Complete MAKE Utility . 

PolyShell. UNIX-like Command Shell - 

PolyXREF2...Cross Reference Util all lang . 
PolyXREF2...S/ng/e Language support .... 
PVCS Corporate...Source Code Control ... 
PVCS Personal...Persona//sed ver of above 
PVCS Network...Power/u/ Ver. of PVCS ... 

RYAN McFarland 

RM/COBOL. ANSI 74 Standard . 

for UNIX or XENIX. 

RM/COBOL 85. ANSI 85 Standard . 

RM/FORTRAN. ANSI 77 Standard . 

for UNIX or XENIX. 

RM/NET+5...COBOL Networking . 

RM/Screens. COBOL 85 Screen generator 

SOFTCRAFT 

Btrieve Softcraft’s File Manager. 

Xtrleve...Query language for Btrieve - 

Report Option for Xtrieve. 

Btrieve/N File Management for Networks . 

Xtrieve/N. Multi-User Query . 

Report Option/N.../Wu/f/-user Rep Opt... 
XQL. SQL for Btrieve . 


LIST 

US 

275 

219 

130 

65 

195 

149 

125 

99 

150 

119 

195 

109 

185 

129 

175 

119 

175 

139 

345 

289 

175 

139 

145 

105 

1095 

875 

1195 

975 

395 

199 

99 

79 

249 

199 

169 

139 

299 

239 

49 

39 

195 

109 

145 

95 

995 

569 

395 

199 

395 

199 

395 

199 

395 

199 

495 

269 

125 

74 

195 

109 

295 

154 

49 

39 

80 

64 

99 

73 

99 

69 

149 

129 

149 

129 

149 

109 

219 

169 

129 

99 

395 

329 

149 

129 

Call 

Call 

950 

675 

1250 

999 

1250 

895 

595 

425 

750 

599 

300 

249 

395 

335 

245 

175 

245 

220 

145 

128 

595 

445 

595 

459 

345 

269 

795 

595 


PC EXPRESS 1-800-321-7733 


A Division of PC BRAND 

OVERNIGHT SOFTWARE DELIVERY 

CIRCLE NG. 1.U ON READER SERVICE CARD 


150 FIFTH AVE., NEW YORK, NY 10011-4311 PHONE: 212-242-3600 
FAX: 212-627-1171 TELEX: 667962 (SOFT COMM NYK) 

All prices subject to change. Delivery subject to availability. 

Shipping via UPS $6.00. $3.00 tor each additional product. Call tor overnight delivery charges. 
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TRIAD PLUS 

Micronyx Inc. 



WATCOMC6.0 

WATCOM Products Inc. 


TRIAD PLUS 

Micronyx Inc 

1901 North Central E:9pressu'ci:)^ 
Suite 400 

Richardson, TX 75080 


2141(390-0595 
PRICE: $695 



CmCLE 349 ON READER SERVICE CARD 


A s corporations increasingly recog- 
ZA nize information as a valuable 
JL JL resource, security becomes a 
greater concern. Putting locks on file 
cabinets can solve one problem, but 
even more extensive security measures 
are needed for PCs with hard disks. 

One possible solution is Triad Plus 
from Micronyx Inc., a half-size add-in 
board with support software that se¬ 
cures individual workstations and their 
valuable data. 

Triad Plus controls access, encrypts 
data, and monitors PC usage. Its control 
mechanism not only can restrict which 
users can access a PC, but it also can 
restrict a PC s access to a network. 

Triad Plus’s data encryption can be ex¬ 
tended beyond local drives to files that 
a protected workstation stores on an 
otherwise unprotected network. Built-in 
auditing and accounting features not 
only can track how and when a PC has 
been used, but which components have 
been accessed. 


The board restricts user access by 
intercepting all DOS, BIOS, and direct 
hardware I/O calls. It contains a data- 
ciphering processor with a proprietary 
cryptographic algorithm, a system-wide 
“master phrase” and other system¬ 
generated keys. As files are written to 
disk, the processor encrypts the data; as 
files are read from a disk, it decrypts 
the data. The encryption process re¬ 
mains totally transparent to the applica¬ 
tion. Although the files still may be 
viewed, their encrypted contents are 
meaningless. The user or workstation 
administrator can encrypt all files or a 
select few at a PC for individual, group, 
or specific-machine access. 

Because the Triad Plus board has 
its own processor, it functions more 
efficiently than software-only products. 
Although the overhead is noticeable, it 
is less discernible than software en¬ 
cryption methods. Triad Plus encrypts 
or decrypts a 50KB file in less than one 
second. Certain functions, including 
directory searches and others requiring 
intense I/O, are noticeably slower on a 
PC/XT. Degradation on a PC/AT, on the 
other hand, is not as noticeable. 

The board requires a unique inter¬ 
rupt-request line; 2, 5, or 7 can be se¬ 
lected. Although the board address can 
be jumpered for either DOOOH or 
EOOOH, only DOOOH can be used on an 
AT. This makes Triad Plus incompatible 
with many expanded memory boards 
that use DOOOH for paging. Micronyoc 
provides a pair of utilities to monitor, 
interrupt, and address space use. The 
monitoring utility, SYSWATCH, is run 
before installation. After exercising the 
machine, the installer executes the re¬ 
porting utility, SYSCHECK, which rec¬ 
ommends address and interrupt jumper 
setups. Other tlian that, installation is a 
straightforward exercise of inserting the 
board. Because an administrator’s func¬ 
tions are necessarily more complex 
than a typical user’s functions, separate 
manuals are provided. 


If the Triad Plus board is removed 
from the system unit, all encrypted files 
are accessible, although their contents 
remain encrypted. Removing the board 
also intentionally destroys all user secu¬ 
rity information that is stored in the 
board’s memory. The security adminis¬ 
trator must then reinitialize the board 
before it can be used. 

When a Triad Plus-equipped PC is 
booted, the board interrupts the boot¬ 
ing process and takes control. To con¬ 
tinue the boot process, the board re¬ 
quires the user to type a primary ID 
and a secondary ID, to insert a token 
(a tiny black plastic box with informa¬ 
tion unique to the user) into a connec¬ 
tor cabled to the board, and, finally, to 
enter in the matching password. The 
Triad Plus board keeps track of any in¬ 
correct password attempts and can lock 
out access to a user for a prescribed 
“lock-out period” after a set number of 
invalid attempts. 

The system administrator programs 
access information into the token using 
the Triad Plus board and the configura¬ 
tion software supplied with the system. 
A token has 256 bits of access data in¬ 
cluding an encoded password. 

Two on-board batteries—a primary^ 
and a backup—maintain the entire 
contents of on-board memory, where 
tlie Triad Plus administrative utility, 
MANAGER, stores the PC’s access pat¬ 
terns. If the PCs in a work group have 
similar access patterns, the configura¬ 
tion can be stored and used on any of 
the machines in the work group. 

A manager can define IDs and ac¬ 
cess profiles for a maximum of 64 
users on each PC that Triad Plus pro¬ 
tects. Access to a PC can be controlled 
for up to four daily time periods that 
can vary based on the day of the week. 
As an option, users can be required to 
enter department numbers and project 
account numbers during the LOGON 
operation. If a user wishes to walk 
away from a protected PC that is in the 
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middle of a task, a SUSPEND command 
can be issued at the DOS prompt, or 
an equivalent user-defined, hot-key se¬ 
quence can be used. However, after the 
SUSPEND command has been invoked, 
the PC must be revalidated before any 
work can continue. 

Triad Plus intercepts diskette and 
hard disk I/O at the BIOS level for 
compatibility reasons. Other communi¬ 
cations devices (parallel, async, IRMA 
3270, and LAN cards) are secured at 
the port level. To access any of the 
supported hardware resources, a user 
must have an appropriate device access 
permission. Using the system adminis¬ 
tration utility, eight groupings of per¬ 
missions can be defined. These permis¬ 
sions can be applied either with or 
without an implied hierarchy. If the 
hierarchy option is enabled, the sub¬ 
window will display all possible per¬ 
missions from a low state to a high 
state. This process eases entr\^ of access 
state data. Access states can be named, 
usually according to the rank of the 
user. The lowest access state is often 
assigned to “guest” users, who can be 
allowed access without a token. 

Once users boot up their systems. 
Triad Plus audits LOGONS, LOGOFFS, 
LOGON failures, project registrations, 
DOS program command-line invoca¬ 
tions, session suspends, failures to end 
suspension, I/O access violations, and 
file access violations. The Triad Plus 
board securely stores the audit data, 
writing it to a file when the buffer is 
full. A supplied utility produces a 
straightforward report of the audited 
data. The data format of the audit rec¬ 
ord is provided in the documentation 
for administrators who wish to write 
customized reports. 

Users and administrators have a 
number of commands to protect data. 
The OWNER command establishes 
ownership attributes for new files cre¬ 
ated in a session. A file may be defined 
as to “who” may access it (person or 
group) and “where” it may be accessed 
(single machine or group of machines). 
An attribute specification of “public” 
turns off encryption, causing files to be 
stored in “plain text.” 

To prevent a workstation owner 
from holding files hostage, the Triad 
Plus administrator has unrestricted ac¬ 
cess to files. The administrator uses the 
commands ORPHAN and OVERRIDE to 
view protected file attributes and 
decrypt, delete, copy, or rename files. 

The PROTECT command causes 
an existing file or set of files to be en¬ 
crypted; the UNPROTECT command 


causes the file to be decrypted. Wild 
cards can be used to specify groups of 
files. Sometimes it is important to keep 
a file encrypted—for example, when 
sending a file over a communications 
link. Because encrypted files are auto¬ 
matically decrypted while they are read 
from disk, a special process is neces¬ 
sary to preserve the encryption; this 
process is controlled by the EXPORT 
and IMPORT commands. 

For added security. Triad Plus has 
a configuration option that forces pro¬ 
tected files to be overwTitten with ran¬ 
dom data when they are deleted from 
the disk. Another Triad Plus configura¬ 
tion option hides protected files when 
unauthorized users make a request for 
a directory display. 

Because Triad Plus has the ability 
to control access to network adapters, 
users can be blocked from all access to 
the network, based on the ID and pass¬ 
word supplied to that workstation. This 
allows a workstation to be set up so 
that only certain users can use it in 
conjunction with the network, even if 
those users can access the network 
from other workstations. 

In a network environment. Triad 
Plus runs only on the workstations and 
not on the file servers, providing access 
control and allowing encryption and 
decryption of files stored on the file 
servers. Anyone with network access to 
a file, such as the network manager, 
can delete the file or can copy it in 
encrypted form. 

If a large number of workstations 
are on a network, putting a security 
board in each one is an expensive sub¬ 
stitute for a good network security sys¬ 
tem. In addition, the coordination of 
security information is time consuming. 
However, Triad Plus is a practical 
choice to protect a few network work¬ 
stations, particularly those workstations 
whose owners have sensitive informa¬ 
tion that must be protected from tlie 
network administrator. 

On or off a network, data must 
have more than a casual significance to 
justify Triad Plus’s $695 price and the 
expense of its performance overhead 
and installation. However, its price also 
includes a higher level of protection. 
The U.S. Department of Defense Na¬ 
tional Security Center gave the product 
a rating of PC-2, the highest rating ever 
given to a PC security system and a 
higher rating than any software-based 
system. When security is of paramount 
importance. Triad Plus can be trusted 
to protect any valuable data. 

—ART KRUMREY 


WATCOMC6.0 

WAl'COM Products Inc. 

415 Phillip Street 

Waterloo, Ontario, CD N2L 3X2 

519/886-3700 

PRICE: $295 
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W ^ Tatcom, a privately held Cana- 
dian spin-off from the Univer- 
▼ T sity of Waterloo, has clearly 
thrown down the gauntlet by naming 
its new language package C 6.0, chal¬ 
lenging Microsoft C 5.0’s preeminence 
in the market (see “Highly Polished C 
Code,” Philip N. Hisley, this issue, p. 76). 

The complete package includes the 
WATCOM C 6.0 optimizing compiler, the 
Express C compiler with integrated 
development environment, a windowed 
source-code level debugger, a screen 
editor, an overlay linker, a library man¬ 
ager, Make and Touch utilities, and an 
object disassembler. 

WATCOM has been actively develop¬ 
ing and marketing computer languages 
and development support utilities since 
1974. Available products include docu¬ 
ment processing, data management, 
and network-support software, watcom 
language packages include APL, BASIC, 
COBOL, Pascal, Prolog, FORTRAN-77, 
Modula-2, and C. 

A full-bore optimizing C compiler 
compatible with ANSI’s August 3, 1987, 
draft standard, watcom’s C 6.0 performs 
excellent code optimization. The com¬ 
piler effectively uses the limited 80x86 
register set and addresses the problem 
of function call overhead by passing as 
many function parameters as possible 
in registers. This approach minimizes 
the overhead incurred by pushing pa¬ 
rameters onto the stack prior to a func¬ 
tion call and restoring the stack upon 
function return. 

The compiler provides a set of 
pragmas (compiler directives) that not 
only support normal compiler options, 
such as stack limit checking and gener- 
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Our FORTRAN is hungry 
for work. And it can handle any 
job you’ve got. Whether you’re 
writing a math-intensive engineer¬ 
ing program on your PC or porting 
a huge scientific application down 
from a mainframe, Microsoft, 

FORTRAN Optimizing Compiler 
version 4.1 is the FORTRAN for you. 

It comes with an impressive resume and a great 
track record. And with new support for the OS/2 
systems along with standard DOS support, it’s areal 
team player that fits in with any organization. 

Put your FORTRAN development on 
the fastest track yet. 

Microsoft FORTRAN 4.1 generates the fastest 
FORTRAN programs on a personal computer. Our 
leading-edge optimizing technology, including loop 
optimizations, automatically improves the quality of 
the code it generates. 

The result is object code so streamlined, so com¬ 
pact, and so efficient you may think your program is 
mnning on a mainframe. 

Ihke on the biggest assignments with 
OS/2 systems support. 

Support for the OS/2 systems gives you new 
capabilities. Write huge FORTRAN applications 


that shatter the 640K barrier of 
DOS. Make direct calls to the 
operating system. Even create a single 
“Family API” program that runs under MS. 
OS/2 and MS-DOS®. 

When it comes to porting huge programs to and 
from mainframe and mini environments, Microsoft 
FORTRAN 4.1 can tackle projects of any size-even 
programs as large as one gigabyte! 

And it’s still GSA-certified Full and error-free 
ANSI FORTRAN 77, with the largest set of IBM. VS 
and DEC, VAX. extensions available for personal 
computers. 

So Microsoft FORTRAN 4.1 makes short work 
of any porting chore. And you’re assured of the high¬ 
est level of reliability you can get in a FORTRAN 
compiler. 

You also get a great set of tools: the new Microsoft 
Editor, the famous Microsoft CodeView, debugger 
for both MS OS/2 and DOS, and award-winning 
documentation. 

Give Microsoft FORTRAN 4.1 
a long-term contract. 

But first check its references for yourself Just 
call (800) 541-1261, Dept. E85, for the name of 
your nearest Microsoft dealer. 

Then put Microsoft FORTRAN 4.1 
to work for you. 


KfattjiUVRDKreAN^J 


Microsoft FORTRAN 

Optimizing Compiler version 4.1 



Microsoft, MS, MS-DOS, and CodeView are registered trademarks of Microsoft Corporation. 

IBM is a registered trademark of International Business Machines Corporation. DEC and VAX are registered 
trademarks of Digital Equipment Corporation. 




PC Tech Journal 

Says... 


**SVM 2.0 is the system of choice for 
anyone who has the responsibilities 
of a LAN administrator or software 
librarian. The addition of both user 
and group IDs — along with pass¬ 
word protection and varying access 
level permissions — makes SVM the 
most security conscious system 
available." - PCTJ, Mar. ^88 

Seidl Version 
Manager (SVM) 

• Local area network support 

• Central user database 

• User IDs and optional passwords 

• User groups & administrative users 

• Seven levels of access permission 

• Audit trail reporting 

• User definable report formats 

• Revision merging 

• Revision deletion 

• Thirteen expandable keywords 

• Optional text compression 

• Remote site update utility 

• Menu driven shell 

• On-line help 

• Regular filename expressions 

• Support of file list files 

• Central journal logging 

• Single-Site: $299.95 + p&h 

• 5-station LAN: $1000 (extendible) 


SVM also integrates with the Seidl 
Make Utility (SMK) and SMKgen. 
SMK is the most powerful make 
available, handling larger and more 
complex dependency files than its 
competitors in only a fraction of the 
time. SMKgen is a remarkable new tool 
that automatically creates dependency 
files for SMK, file Hst files for SVM 
and linker files for your linker. There’s 
nothing else like it! 

**SVM is a full-featured system that 
has all the essential capabilities you 
are likely to need, and is further 
distinguished by several important 
features that none of its competitors 
yet have.** 

- The C Users Journal, Feb. *88 

Choose the system thafs 
leading the industry. 

For more information call: 

1-313-662-8086 

★ 30-day money back guarantee ★ 

Visa/MC/COD/POs Accepted 

SEIDL COMPUTER ENGINEERING 

3106 Hilltop Dr., Ann Arbor, MI 48103 
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ation of in-line machine code, but also 
permit exact specification of function 
calling and return sequences. This per¬ 
mits matching the parameter passing 
protocol of most function libraries. 

The user can control compilation 
through command-line options, such as 
specifying the memory model (small, 
medium, compact, large, or huge), the 
processor instruction set, and the gen¬ 
eration of 80x87 math coprocessor in¬ 
structions. The optimization level to be 
performed also can be indicated: none 
(for debugging purposes), optimize for 
space or time, use intrinsic functions, 
and optimize loops. Although loop op¬ 
timization can be selected, the PC Tech 
Journal optimization benchmark did 
not indicate that C 6.0 performed tliis 
optimization. To maintain compatibility 
with other C compilers, C 6.0 supports 
the nonstandard variable type specifi¬ 
ers: cdecl, far, fortran, huge, near, and 
pascal. It also has an ANSI-compatible 
standard function library. 

ALL-IN-ONE 

Express C can be invoked as a stand¬ 
alone prototyping compiler or as part 
of the integrated development environ¬ 
ment. (If desired. Express C can be 
purchased separately for $75.) Both a 
source-level debugger that permits 
code animation and a screen editor 
that can edit multiple files are in¬ 
cluded. When using the integrated en¬ 
vironment, the screen editor serves as 
a text modification tool and as the 
command interface for invoking the 
compiler and debugger. 

Whether the compiler is invoked 
as a stand-alone program or from 
within the integrated environment, 
command-line options can be specified 
to control aspects of the compilation 
process such as directory search paths 
and sizing a program’s stack. 

If the Express C compiler is in¬ 
voked from within the editor, the cur¬ 
rent editor buffer is compiled; if error 
free, the program is executed. Any er¬ 
rors detected during compilation are 
displayed and then saved in an error 
file. When control is returned to the 
editor, the cursor is placed at the first 
error detected. If multiple errors occur, 
the error file can be read into an edit 
window for review. 

If the source-level debugger used 
with Express C is invoked from within 
the editor, tlie current editor buffer is 
compiled, and control is then trans¬ 
ferred to the debugger. The user can 
control the debugging process by set¬ 
ting multiple breakpoints, single-step- 


ping program execution, and stepping 
into and out of functions. Global and 
local program variables can be exam¬ 
ined, formatted, and changed at any 
time during debugging. Output from a 
program under test can be viewed 
either from within a window on the 
debug screen or as a separate screen. 

Express C supports only the me¬ 
dium memory model and cannot di¬ 
rectly produce stand-alone executable 
programs. To generate .EXE files, the 
compiler must generate object files; 
WLiNK, the stand-alone object module 
linker, produces .EXE files. 

WLINK supports both the Express C 
and C 6.0 optimizing compilers. In. 
addition to supporting the requisite 
functions, such as external address res¬ 
olution and the searching of object 
module libraries, the linker allows 
specification of arbitrarily complex 
nested overlay schemes. Commands 
specify not only the type of debugging 
information (line numbering, variable 
typing, global symbol, and local sym¬ 
bol) to be included in the executable 
module, but also the object modules to 
which the specification applies. Linker 
commands can be passed on the com¬ 
mand line tliat invokes the linker or, if 
there are many, submitted to the linker 
in a directive file. 

TRACKING DOWN BUGS 

C programmers are accustomed to 
using powerful screen-oriented source- 
code-level debugging tools to assist in 
finding bugs, watcom does not disap¬ 
point in this area. The debugger, 
named watcom Visual Interactive De¬ 
bugging Execution Overseer (wvideo), 
is highly configurable, permitting the 
programmer to define the type and 
size of each of seven possible windows 
that appear on die debugging display: 

• source window—displays the source 
code of the program under test 

• assembly window—displays disassem¬ 
bled instructions of program tested 

• dialogue window—displays responses 
to the debugger commands issued by 
the programmer 

• memory window—displays contents 
of consecutive memory^ locations 

• prompt window—used by the pro¬ 
grammer for command input 

• register window—displays the con¬ 
tents of 80x86 registers associated 
with the program under test 

• stack window—displays the top of 
the execution stack 

The WVIDEO debugger provides 
powerful commands to trap through 
the code under test and examine or 
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“How to protect your software 
by letting people copy it.” 

By Dick Erett, President of Software Security 


Inventor and 
entrepreneur, 
Dick Erett, 
explains his 
company’s 
view on the 
protection of intellectual 
property._ 



“A 


crucial point that 
even sophisticated 
software develop¬ 
ment companies and the 
trade press seem to be miss¬ 
ing or ignoring is this: 
Software protection must 
be understood to be a 
distinctively different 
concept from that com¬ 
monly referred to as 
copy protection. 
Fundamentally, software 
protection involves devising 
a method that prevents 
unauthorized use of a 
program, without restricting 
a legitimate user from 
making any number of 
additional copies or prevent¬ 
ing program operation via 
hard disk or LANs. 

Logic dictates that mag¬ 
netic media can no more 
protect itself from misuse 
than a padlock can lock itself. 

Software protection must 
reside outside the actual 
storage media. The technique 
can then be made as tamper 
proof as deemed necessary. 

If one is clever enough, 
patent law can be brought 
to bear on the method. 

Software protection is at 
a crossroads and the choices 
are clear. You can give 
product away to a segment 


Hard Disk Installation : Simply copy program disk 
to hard disk using DOS Command - Copy A:*.* C: 


P^ram Back-ups : You may make as many copies of 
he program diskette as you wish. 


Data Back-ups : Use normal back-up and restore 
commands, including backing up sub-directories containing 
program files. 

Networks : This product may be 
jiks. Follow the same installation 
00 pa^ 102 of this manual. The Block 
‘ with the nonnal operation of any 




Soon all software installation procedures will be as straightforward as this. 
The only difference will he whether you include the option to steal your 
product or not. 


of the market, or take a 
stand against the theft of 
your intellectual property. 

. giving your software 
away is fine ,,.'' 

We strongly believe that 
giving your software away 
is fine, if you make the 
decision to do so. However, 
if the public’s sense of ethics 
is determining company 
policy, then you are no 
longer in control. 

We have patented a device 
that protects your software 
while allowing unlimited 
archival copies and unin¬ 
hibited use of hard disks and 
LANs. The name of this 
product is The BLOCK^” 

The BLOCK is the only 
patented method we know 
of to protect your investment. 
It answers all the complaints 
of reasonable people con¬ 
cerning software protection. 


In reality, the only people 
who could object are those 
who would like the option 
of stealing your company’s 
product. 

..eliminating the ratio¬ 
nale for copy-busting...'' 

Since The BLOCK allows 
a user to make unlimited 
archival copies the rationale 
for copy-busting programs 
is eliminated. 

The BLOCK is fully pro¬ 
tected by federal patent law 
rather than the less effective 
copyright statutes. The law 
clearly prohibits the produc¬ 
tion of work-alike devices 
to replace The BLOCK. 


The BLOCK attaches to 
any communications port of 
virtually any microcomputer. 
It comes with a unique 
customer product number 
programmed into the circuit. 

The BLOCK is transpar¬ 
ent to any device attached to 
the port. Once it is in place 
users are essentially unaware 
of its presence. The BLOCK 
may be daisy-chained to 
provide security for more 
than one software package. 

Each software developer 
devises their own procedure 
for accessing The BLOCK 
to confirm a legitimate user. 
If it is not present, then the 
program can take appro¬ 
priate action. 

..possibilities... 
limited only by your 
imagination. 

The elegance of The 
BLOCK lies in its simplicity. 
Once you understand the 
principle of The BLOCK, 
hundreds of possibilities will 
manifest themselves, limited 
only by your imagination. 

Your efforts, investments 
and intellectual property 
belong to you, and you have 
an obligation to protect 
them. Let us help you safe¬ 
guard what’s rightfully yours. 
Call today for our brochure, 
or a demo unit.” 



bftware 

ecurity inc. 


870 High Ridge Road Stamford. Connecticut 
203 329 8870 


0690.S 
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Seconds Never Looked So Good! 


ttract potential customers, distributors, 
and vendors with our tastefully 
designed reprints. Revitalize your arti¬ 
cle with front page coverage from one of the 
world’s leading computer magazines. 

Ziff-Davis reprints are concisely reformatted 
on 80 pound coated paper and printed from full 


color to black and white.* 

To find out how you can have your article 
reprinted, call or write today. 

Jennifer Locke-Reprints Manager, 

Ziff-Davis Publishing Company, One 
Park Avenue, New York, NY 10016, 

(212) 503-5447. 




’minimum order 500 reprints. 
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modif\^ registers, niemon^ locations, or 
program variables. This gives program¬ 
mers complete control over the debug¬ 
ging process; they can enter debugging 
commands directly in the Prompt win¬ 
dow or by means of optional drop¬ 
down menu windows invoked by Alt- 
key combinations. 

The Break and Watch commands 
allow the debugger to regain control 
from a running program based on con¬ 
ditions established by the programmer. 
For the Break command, the conditions 
are explicit breakpoints; for the Watch 
command, they are changes in the con¬ 
tents of specified memon^ locations. 

The ability to attach debugging com¬ 
mands to breakpoints and watchpoints 
(which can invoke files of other debug¬ 
ger commands), along with the ability 
to use program variables and registers 
in the If debugger command (which is 
a conditional execution command), al¬ 
lows the programmer to create intri¬ 
cate debug scenarios for tracking down 
subtle and elusive program bugs. 

Execution of a program under test 
is controlled by the Trace command, 
which animates the debugging process 
by one statement or function at a time. 
This can be done at the assembly level, 
the source-code level, or a combination 


of both. In the latter case, if the source 
code is available, it is stepped through; 
otherwise, the assembly code is 
stepped through. Functions associated 
with the Trace command—single-step, 
step over, step into, and return from 
functions—are assigned to single keys 
for convenience. 

Examine and Modify commands 
display or change memory contents at . 
the byte, word, and pointer-of-port 
level. For incremental debugging, a 
Call command can be made to any 
function in the system: near, far, or in¬ 
terrupt. A parameter list can be passed 
to the function. Returned values can be 
formatted and printed or assigned to 
registers, program variables, or user- 
defined variables. 

A POLISHED PACKAGE 

The WATCOM C 6.0 package comes with 
a set of complete, well-written, in¬ 
dexed, and functional documentation. 

A fold-over leaf on each guide acts as a 
bookmark, and titles are clearly visible 
on the bindings. 

The Optimizing Compiler cmd 
Tools User's Guide provides instructions 
on using the optimizing C compiler, 
the linker, the wideo debugger, and 
the other support utilities. It also de¬ 


scribes the 80 a: 86 architecture, calling 
conventions used by the compiler, use 
of pragmas to customize compilation, 
and installation. The Express C Usej^'s 
Guide, because it can stand alone, du¬ 
plicates some of the content of the op¬ 
timizing compiler guide. In addition, it 
contains a description of the integrated 
development environment. 

The Language Reference and Pro¬ 
grammers Guide presents the formal 
definition of the C language and wat- 
COM C 6.0 implementation-dependent 
aspects. The Library^ Refo^ence de¬ 
scribes each librar\^ function provided 
with the WATCOM C 6.0 package in the 
UNIX format. To aid the developer in 
writing portable code, each function is 
classified as ANSI-compatible, POSIX- 
compatible, DOS-specific, or watcom- 
specific. The wktcom Editor User's 
Guide documents the capable, but 
uninspiring screen editor. 

From its powerful optimizing com¬ 
piler to its excellent documentation, 
watcom’s C 6.0 package may prove that 
even in the crowded and competitive C 
market, there is room for a product 
that can stand on its merit and techni¬ 
cal prowess. This new entr\^ deserves 
serious consideration. 

—PHILIP N. HISLEY Wmm 


Structured Analysis breakthrough! 


THE First COMPLETE 

SA Software for 

Under $1000. Discover the power of 

computer-aided Structured Analysis.. .Create specifications 
more efficiently, more accurately,.. .With Teamwork/PCSA'/ 
a complete, automated SA tool for your PC for only $995. 


No other system includes these features for under $1,000: 

• Full support of Yourdon/DeMarco SA techniques 

• Easy-to-use mouse driven interface with pop-up menus 

• Includes integrated project data dictionary 

• Includes consistency checking and diagram balancing 

• Now also includes P-Specs, Postscript''* output, and 
new, easy tutorial 


Teomwork/PCSA runs on most IBM—compatible PCs. 
It’s used by leading developers at Boeing, AT&T, GE, HP, 
and Bank of America. And it’s the only PC-based software 
that offers you a growth path to the Teamwork family of 
CASE tools for real-time modeling, system design and life- 
cycle management. 


CADRE 


Cadre Technologies Inc. 
222 Richmond St. 
Providence, Rl 02903 


IBM is a registered trademark of International Business 
Machines. Postscript is a registered trademark of Adobe 
Systems, Inc. 
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FREE DeMarco Book! We’l _ 

two reasons to order Teamwork/PCSA today. ONE: 
you get a 30-day money-back guarantee, so there’s 
absolutely no risk. TWO: Order now and we’ll send you 
Structured Analysis and System Specification 

by Tom DeMarco. It’s the "Bible ” of structured analysis 
and normally sells for over $40. And it’s yours free. For 
details or to place your order, call or write today. 

CALL (401) 351-CASE. 


North American prices only. Volume discounts available. 
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lease rush me the following: 

— XDB-SQL- DBMS. Report Writer and tools 

— XDB-FORMS: Forms Manager 

XDB-C. XDB-PASCAl, XDB-COBOI. (each) 
_ XDB-LEARN; limited XDB-SQI, 
and XDB-FORMS 


Name 


Company 


Subtotal 


Phone 


Md. residents add 5% sales tax;-- 

Shipping and handling; 

Total:__ 

"i Money Order GVisa LI MasterCard 


Address 


Card No: 


Expires 


XDB Systems, Inc. 

7309 Baltimore Ave., Suite 220 
College Park, MD 20740 


XDB’s 30-Day Guarantee. 

Try XDB-SQI, or XDB-TORMS Ibr ,^() d;iys. 
you're not totally sal islial.we'l I 
refund vour 


^ HA-Vt Al 
HANAfiCkffNT 

SYSmt 


uniFiii 

COnPORATlON 


PARADOX 


But speed is only one reason why XDB has emerged as the top SQL DBMS. XDB offers: 
/Menu-Driven Tools: We ease application development by giving you a complete set 
of tools. Use XDB’s SQL, Report Writer, Forms Manner, and 4GL Procedure Langu^e 
to create application components. Then simply integrate them into a complete appli¬ 
cation with XDB’s Menu Generator. 

/Sophistication: You can build even more sophisticated applications using C, 
PASCAL, and COBOL embedded with SQL. And your single-user applications can be 
ported to multi-user systems without change. 

/Compact: You would think that with all these features and power that XDB would 
require loads of memory. Surprise! XDB’s DB2 and ANSI compatible SQL processor 
occupies only 220K It fits in ^OK even with all the application tools. 

XDB applications run unchanged on PCs, LANs, and UNIX today. Tomorrow they will 
run on 6s/2 — or even mainframes. Which means your investment today in XDB is 
protected as you grow. 

So what are you waiting for? Get your hands on XDB and see what life is like at the 
top of the SQL DBMS mountain. 

Call (301) 779-5486 today. 

Or send the order form below. 


©1988, XDB Systems, Inc. XDB is a re^cered trademark erf XDB Systems, Inc. Other brand and product names arc 
trademarks or registered trademarks of their rei^cctivc holders. 


Listen to what the experts are saying about XDB, the speedy SQL database man:^e- 
ment system that leaves the others in the dust: 


Software Digest, Sept. 1987 

((Our scoring system ranked XDB number onefor its consistently speedy 
performance.. .XDB earned the highest rating overall by outperforming the 
other tested programs in ease ofteaming, ease ofuse, andperformance. 

PC Tech Journal, April 1988 

((.. .XDB is the fastest database manager ever tested by PC Tech Journal. 
Data Based Advisor, Feb. 1988 

*rfXDB’s) superiority over many DBMSs in various comparative bench¬ 
marks demonstrates the quality of its optimization... 
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Tech 

Notebook 

A Jorum for sharing solutions 
to technical problems 


M icrosoft’s QuickBASIC 4.0 

(QB4), with its two language 
processors and integrated de¬ 
velopment environment, is a compli¬ 
cated piece of software that cannot be 
explored fully in a single review, no 
matter how thorough. One month after 
running the review (see Product Watch, 
May 1987, p. 149), we have information 
on a bug and some strange behavior in 
the editor. 

The first item is a bug report from 
Selden P. McCabe, principal of Pro¬ 
gramming Entrepreneurs, a PC consult¬ 
ing and custom-programming firm in 
Redmond, Washington. Happily, Micro¬ 
soft already has a new release of 
QuickBASIC that solves this and other 
problems. However, if you cannot wait 
to receive it, Mr. McCabe offers a sim¬ 
ple work-around. 

In the course of working with Mr. 
McCabe’s submission, I discovered that 
the QB4 editor does some strange and 
unexpected things to source files, and 
tlien lies about it. The problem is espe¬ 
cially significant if you edit source code 
both within the QB4 environment and 
with another editor outside of it. 

A third item, not related to QB4, is 
the result of observations made by ex¬ 
ecutive editor David Methvin after he 
had some problems getting programs 
to recognize variables in the DOS envi¬ 
ronment. Keeping in mind a simple but 
often overlooked fact about how DOS 
stores environment strings could help 
you in diagnosing some pesky software 
problems. 


I QUICKBASIC 

II PARAMETER BUG 

QB4 consists of two language proces¬ 
sors. The first, QB.EXE, maintains the 
interactive development environment; it 
is an incremental compiler that con¬ 
verts source code to threaded p-code 
and then executes it interpretively. The 
other, BC.EXE, is a command-line com¬ 


piler that produces native-code execut¬ 
able files. The advantage here is that 
each compiler can be tailored to a dif¬ 
ferent purpose. The p-code interpreter 
trades execution speed for compilation 
speed, resulting in lightning-quick turn¬ 
around during development. Once test¬ 
ing is completed, the BC compiler gen¬ 
erates production code that is not hin¬ 
dered by an interpreter. 

The disadvantage of this approach 
is that each compiler produces differ¬ 
ent code. As a result, the program de¬ 
veloped with QB.EXE during the test¬ 
ing cycle is not the same as the one 
produced by BC.EXE. A program that 
works fine in the interactive environ¬ 
ment can suddenly break when com¬ 
piled to an .EXE file. As an example, 
consider this program that uses a 
passed parameter as a loop index: 

\% = 199 

CALL DOTEST(I% ) 

PRINT “After return, I is 1% 

SUB PARMTEST(J AS INTEGER) 

FOR J = 1 TO 3 
PRINT “In Loop J 
NEXT J 

PRINT “After loop, J is J 
END SUB 

When run in the interactive envi¬ 
ronment, the same program produces 
correct output as follows: 

In Loop 1 
In Loop 2 
In Loop 3 
After Loop, J is 4 
After return, I is 4 

However, when this program is 
compiled to an .EXE file, it reports a 
value of 0 after the loop and of 199 
after return (within the loop, the three 
values are printed correctly). The error 
occurs whether the .EXE file was cre¬ 
ated by running BC from within the 
environment or from DOS, and 
whether it is a stand-alone program 
or uses BRUN40.EXE. 



2 STRING 
J ENVIRON 


The reason for the bug can be 
readily discovered by examining the 
program witli the CodeView debugger 
(not supplied witli QB4, but available 
with other Microsoft language proces¬ 
sors). Within the loop, the loop index 
is established in a temporary variable. 
At each iteration, the program prints 
the correct value of the index from the 
temporary and also attempts to copy it 
into the location of the parameter. The 
sequence of instructions that do this, 
however, is wrong. 

In QuickBASIC, parameters are 
passed to BASIC subroutines by refer¬ 
ence, meaning that the caller pushes 
onto the stack the address of each pa¬ 
rameter. In the example program, the 
instruction sequence for storing the 
index into the parameter is generated 
as if the parameter had been passed by 
value. That is, the index is stored into 
the stack instead of into the location 
whose address is on the stack. This 
occurs only within the loop; thereafter, 
the parameter is accessed through its 
address on the stack, or at least 
through what was the address. 

But the stack location has been 
overwritten by the spurious store; in 
the example, the address location con¬ 
tains the value 4. Therefore, the print 
statement after the loop prints the 
value at offset 4 of the data segment. If 
the subroutine were to change the pa¬ 
rameter’s value after the loop, it would 
write into an unpredictable location, 
corrupting the data segment and possi¬ 
bly causing an eventual system crash. 
Upon return to the caller, the argument 
value is unchanged because the sub¬ 
routine never wrote into the address 
where the caller stored the argument. 

This bug, along with a few others, 
has been fixed in a maintenance re¬ 
lease of QuickBASIC, version 4.00b. 
Owners of the initial release of QB4 
can obtain the new version at no cost; 
for information, call Microsoft Corpora¬ 
tion at 206/882-8080. 
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Dbase* 


programming tools 

*Clipper, FoxBASE+, 
dBASE, Quicksilver 

The Ul Programmer 

Ul is the first professional code generator; we 
wrote Ul for programmers who want to automate 
their work but cannot use code that is 'almost’ 
good enough. If your user interfaces include 
bounce-bar menus, pop-up help screens and 
the other features of today’s best programs, you 
will gain an order of magnitude in productivity 
with Ul. 

Ul is a second generation, programmable pro¬ 
duct — so your code comes out your way. 
Application specific edits, for instance, can be 
placed in the Ul ’template’ which controls the 
generation. Edit the screen appearance until it 
’looks and feels’ perfect. Everytime you generate 
code, your special logic is preserved. 

Speaking of editing the screen, Ul includes a 
powerful, 3-D screen editor, so you can draw 
pop-up help boxes over your pull-down menus, 
over your application. 

The Documentor 

To run Doc, you just tell it the name of the main¬ 
line routine and make sure your printer has a lot 
of paper! (Sure, you can have the output go to 
the screen or a file, too.) 

You can tailor your documentation to include any 
or all of: a table of contents, system tree diagram 
(main line is the root), hierarchy (box diagram) 
charts for each module, action diagrams (modern 
style flow charts) for each PRG or procedure, 

DBF listings (structure, indexes, more), where 
used/updated listings for fields and all variables 
— by module and by line number within each 
module. 

Our written money-back satisfaction guarantee 
set a new standard when we began it in 1985. 
(Return rate to date: 9.6% and dropping!) No 
copy protection, royalties or other nonsense. 

Suggested retail: $295 each, (800) support 
included. At your dealer today. Call us for a very 
special offer on our latest release! (800) 233- 
3569 or, in NY, (212) 406-7026. 

\yiSoft 

The Computer Aided Software 
Engineering Corporation 

233 Broadway, Suite 869, New York, NY 10279 
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In the meantime, however, Mr. 
McCabe suggests a simple work-around 
of using a local variable, not the pa¬ 
rameter, as the loop index: 

SUB PARMTESTCJ AS INTEGER) 

FOR INDEX% = 1 TO 3 
J = INDEX% 

PRINT “In Loop J 
NEXT INDEX% 

J = INDEX% 

PRINT “After loop, J is J 
END SUB 

Although in this simple example it 
is not necessary to assign the index to 
J every time through the loop, it would 
be required in a more complex pro¬ 
gram that incorporates conditional exits 
from the loop. 

^ QUICKBASIC TYPE 
L I DECLARATIONS 

Back in the days when BASIC programs 
had to be line-numbered, one of the 
considerations facing a programmer 
was how line numbers were treated by 
various editors. BASIC-oriented editors 
that sorted lines by number and pre¬ 
vented duplicates were typically not 
very good as text processors, while 
powerful external editors provided no 
help in line numbering. Although mod¬ 
ern BASIC dialects dispense with line 
numbers, the editors built into devel¬ 
opment systems still apply language- 
specific processing that is not easily 
duplicated in an external editor. One 
example is the handling of variable 
type declarations (such as DEFINT and 
DEFDBL) in QB4. 

When a source file contains sev¬ 
eral subprograms, the QB4 editor di¬ 
vides it into modules, each consisting 
of a single subprogram. This division is 
for purposes of display only; the origi¬ 
nal file is kept intact, and saving any 
one of the modules saves them all. 
During editing, however, each module 
is considered distinct, and declarations 
made in one do not apply to any other. 
As an example, consider a source-code 
file with the following structure: 

DECLARE SUBPROG (I AS INTEGER) 


END 

SUB SUBPROG (I AS INTEGER) 


END SUB 

Suppose that, while editing the 
main program with the QB4 editor, 
you add tlie statement DEFINT I-N. This 


declaration applies only to the main 
program, not the subprogram. To make 
sure that this is the case, when the file 
is processed by compilers that do not 
subdivide it (such as QB3 or the BC 
command-line compiler), QB4 auto¬ 
matically inserts the declaration 
DEFSNG I-N between the END and 
SUB statements. This “undoes” the 
main program’s declaration and en¬ 
sures that all subsequent variables are 
of the default type, single-precision 
real. This declaration is not visible in 
the QB4 editor; it can be seen only if 
the file is saved in text mode and ex¬ 
amined with an external editor. The 
QB4 editor hides a line of code that is 
present in the source file. 

The situation is different if a 
DEFINT statement is added to the main 
program with an external editor. When 
the file is read into QB4, the editor 
assumes that the declaration applies to 
the entire file. When displaying the 
subprogram, the editor shows a copy 
of the main program’s DEFINT state¬ 
ment ahead of the SUB statement. This 
declaration, however, is not saved into 
the source file; the editor is displaying 
something that is not really there. If 
you delete this phantom declaration, 
the editor places a hidden DEFSNG 
statement, as described above, in the 
source file. The deletion actually ac/ds 
something to the file. 

The situation becomes even more 
confusing when using the QB4 editor 
to change, rather than add or delete, a 
declaration. The change is applied only 
to the module in which it is made, and 
declarations in other modules farther 
down the source file are added or 
changed as necessary to maintain the 
original typing. For example, say the 
source file contained only the declara¬ 
tion DEFINT I-N in the main program. 
The QB4 editor shows the same (non¬ 
existent) declaration when displaying 
the subprogram. If the declaration 
within the main program is changed to 
DEFINT A-Z, the editor inserts 
DEFSNG A-FI, O-Z into the source file 
just ahead of the SUB statement. What 
the editor displays, however, when the 
subprogram is on-screen is 
DEFINT I-N, the logical result of the 
declarations in both modules. 

You must take care when editing 
QB4 files with both the internal editor 
and your favorite external text- 
cruncher. In any language, moving 
code around in a source file can drasti¬ 
cally alter the behavior of a program. 
However, the QB4 editor is especially 
tricky because it maintains the fiction 
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This Software W^rft Run. 



Without This. 





.'fe- 


And that’s the way 
/^Control Data wants it. 

X ^And a host of other big 
and not-so-big software develop 
ers who use our Software Sentinel. 

Tb make sure their successful software is pro¬ 
tected. So it stays successful. 

We’ve become used to being seen with top- 
notch software. A lot of the reason is how our 
engineers designed the Software Sentinel 
family. For the developer and the user. Tb make 
it the most technologically foolproof yet easiest 
to use software protection key you or Control 
Data can get. 

For users of ED-Router and the thousands 
of other programs we’re protecting, it’s a cinch 
to get up and running. They simply plug the 
Software Sentinel into the PC’s parallel printer 
port. That’s it. How much easier can it get? 
Users can even make unlimited backup copies. 
And run them wherever and whenever they 
need to-as long as they have the Software 
Sentinel key. 

As long as we’re talking 
success, there’s some¬ 
thing else you should 







\ 
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know. Right now, our engineers 
are putting the finishing 
touches on a new micropro¬ 
cessor that we’ll use in a whole new genera¬ 
tion of software and data protection products. 
With the same high-performance and high- 
reliability of our past successes but with many 
new features. Which no doubt is going to make 
life even easier for you and Control Data. 

The Software Sentinel. Making sure soft¬ 
ware developers stay successful with the suc¬ 
cessful software they’ve developed. 

For more information on the Software 
Sentinel family, contact Rainbow Tfechnologies, 
18011-A Mitchell South, Irvine, California 
92714; or call (714) 261-0228. 

Software Sentinel Features: 

• Runs under DOS and Xenix 
• Uses algorithm technique, never a fixed response 
• Minimal implementation 
• Higher level language interfaces included 
• Transparent operation 

The New SentinelPro™- Half The 
Former Size, All The Features. 


RAINBOW TECHNOLOGIES 


18011-A Mitchell South, Irvine, CA 92714 • (714) 261-0228 • TELEX: 386078 • FAX: (714) 261-0260 

Copjo-ight ©1988 Rainbow Tfechnologies, Inc. Software Sentinel and SentinelPro are trademarks of Rainbow Tfechnologies, Inc. 
ED-Router is a trademark of Control Data Corporation. 
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Personal REXX: 

The batch alternative. 
Now. 


Personal REXX is a powerful general-purpose 
language bringing mainframe command and 
macro language capabilities to the PC. 


Personal REXX offers you: 

■ A superset of IBM CMS REXX. 

■ The ability to develop powerful batch 
procedures. 

■ Compatibility with IBM SAA REXX 
command language. 

■ Windowing and menu support. 

■ Easy prototyping. 

■ The ability to interface with KEDIT text 
editor, and other applications. 

Personal REXX runs on the IBM PC, 

AT, PS/2, and true compatibles 
using DOS 2.0-DOS 3.3. With 
Personal REXX, you can enjoy the 
many benefits of the macro 
language of the future. Today. 


PBISOMAt 

REXX 


MANSHELD 

vfhim' (w m 





RO. Box 532' 

Storrs, CT 06268 

( 203 ) 429-8402 

Personal REXX Version 1.60 available at $125 plus $3 shipping. MC, VISA, American Express. 

KEDIT is a trademark of the Mansfield Software Group. Inc.; IBM. IBM PC, AT. and PS/2 are trademarks 
of International Business Machines. 
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DELIVER PROFITABLE INTERACTIVE 
VOICE APPLICATIONS QUICKLY AND 
EFFICIENTLY WITH/^^jL 


INNOVATIVE TECHNOLOGY, INC. 
1000 Holcomb Woods Parkway 
Suite 422 
P.O. Box 676370 


Roswell, GA 30076 

Call Today— 
404/998-9970 
Ext. 84 


of lnn(j/ative Technology, Inc 




■ The nitaAudioboard is a PC-compatible peripheral card 
that puts you to work in the productive MS/DOS 
marketplace. 


■ The nitaTools software with its full-function, C-language 
applications interface lets you develop targeted, high-fidelity 
voice applications as you shorten your development cycle. 


As a nitaOEM, you’re backed by a 
comprehensive support program 
and extensive documentation. 


TECH NOTEBOOK 


that subprograms are independent 
units. In fact, it treats the source file as 
one entity and applies type declarations 
incrementally rather than absolutely. 
Therefore, finding and correcting any 
unintended side effects introduced by 
an external editor is made more diffi¬ 
cult by the fact tliat the QB4 editor is 
not completely open in displaying what 
it does to the source. 


2 SPACES IN THE 
J\ ENVIRONMENT 

Applications are using the DOS envi¬ 
ronment more and more to store con¬ 
figuration information in a way that is 
readily accessible even to the inexperi¬ 
enced user. There is no need to edit 
CONFIG.SYS or AUTOEXEC.BAT files; 
merely type in a SET statement. One 
characteristic of the SET command, 
however, can cause unforeseen prob¬ 
lems: all spaces in a SET string are sig¬ 
nificant and are stored in the environ¬ 
ment exactly as entered. This means 
that environment variables containing 
trailing or embedded spaces are dis¬ 
tinct from variables composed of the 
same characters without spaces. 

The most common occurrence of 
spaces in environment variables is 
around the equal sign. Much documen¬ 
tation is imprecise on this point, show¬ 
ing the format of environment strings 
in proportional type that makes it diffi¬ 
cult to determine if there are or are 
not spaces in the string. For example, 
the DOS manual, in describing the SET 
command, is not clear whether the 
COMSPEC variable should or should 
not be followed by a space. When in 
doubt, many new users type SET com¬ 
mands witli spaces around punctuation. 
Thus, programs that look for particular 
environment variables (DOS being the 
prime example) cannot find them. 

Although it is feasible for a pro¬ 
gram to ignore trailing spaces in the 
names of environment variables, I have 
found none that do so. Spaces to the 
right of the equal sign are handled dif¬ 
ferently by different programs. For ex¬ 
ample, MASM 5.0 cannot find include 
files if the INCLUDE environment string 
(a list of paths delimited with semico¬ 
lons) contains blanks, but Microsoft C 
5.0 ignores spaces between path names 
in this string. 

Program failures caused by im¬ 
proper environment contents can be 
subtle and hard to diagnose. The next 
time you are called in to cure a user’s 
software problem, carefully check the 
environment for any spaces. [""1111 


150 


CIRCLE NO. 170 ON READER SERVICE CARD 


PC TECH JOURNAL 


























y- ^ 

j^r ■ WINDOWS ■ DATA ENTRY ■ MENUS ■ HELP MANAGEMENT ■ 

^ Vitamin C 


PROFESSIONAL C LANGUAGE FUNCTION LIBRARY 



□Multiple bullet proof overlapping windows 

□ Easy single field or full screen data entry 

□ Unlimited data validation 
□Context sensitive heip manager 
□Menus like Lotus & Mac 

□ Programmable keyboard handler 
□Text editor routines 

□ Printer output routines 


The secret 




Better Applications In Less Time 


Fast, flexible, versatile, reliable. Just 
some of the reasons why serious program¬ 
mers use Vitamin C in their most impor¬ 
tant projects. They know using Vitamin 
C means lightning fast displays, a 
responsive user interface, professional¬ 
ly crafted C code, and a commitment to 
technical support. 

High level functions provide 
maximum speed and productivity. 
Extended versions of these 
same routines add flexible con¬ 
trol over specific details when 
necessary. 


Versatile Design Keeps You In Control 


Options and possibilities rather than limitations and 
frustrations mean you’re always in control. Our versatile 
open ended design is full of hooks so you can intercept and 
plug-in your own control functions to easily customize or 
add features to most routines. 

Easily create windows that pop-up, overlap, zoom, 
move, scroll, hide, show and resize. You’ll choose options 
for titles, borders, colors, scroll bars, virtual size, and 
more. You can even access any window any time, even if 
it’s hidden or invisible. That’s flexibility. 

Sophisticated data entry forms become easy with fea¬ 
tures like unlimited validation, protected, invisible, and 
scrolling fields, full color control, single and multiple field 
input, selection sets, even right-to-left numeric input! 
And, with the context sensitive help system it’s easy to 
provide field specific or other help messages. 

Vitamin C’s menus are the perfect framework for any 
application and feature advanced options such as check 
marks, unavailable items, blank items and separators. 

The keyboard handler routines can redefine key as¬ 
signments, translate keystrokes, even call a function. 

Utility routines for time/date management, back¬ 
ground processing, and sending windows to a printer. 

Thorough documentation with tutorial and reference 
sections. Reference databases compatible with the Norton 
Guides Instant Access Program are also available. 


of your 
success! 


□ 30 day money back guarantee 

□ No royalties or runtime fees on applications 

□ Compiete library source code inciuded FREE 

□ FREE technical support 

□ FREE BBS at (214)418-0059 

□ Supports Microsoft 5, Quick C, 
Turbo C, Lattice and others 

□ Optionai screen painter/generator 


Generate Code Inter 



NEW^ 
^RSIOJ^ 

Speed development even iii D r c 
VCScreen, our interactive screen painter / 
code generator. Define windows, boxes, 
borders, headings, input and output 
fields. Copy, delete, change, move, even 
layer objects. Then let VCScreen 
generate C source code ready to compile 
and link with the Vitamin C function 
library. 

New features allow creation 
of multiple windows, menu 
systems, global variable main- 
tainance, user defined code 
generation options, and more user configuration options! 


Users And Reviewers Agree 


" Picking the best value package is hard... If you're a source code fanatic 
like me, Vitamin C is preferable. If you need source code, make sure 
your wallet is wide open or get Vitamin C. " 

Computer Language, June ’87 

"Only Vitamin C supports keyboard handlers and keyboard reassign¬ 
ment. Vitamin C provides the most options for menus." 

BYTE, October ’87 

"I trust our review of [Vitamin C] in Computer Language magazine was 
fair. ..it has become the screen manager package of choice at my firm." 
Michale Wilson, Wilsoft, Inc. 


OS/2, UNIX and Xenix versions 
now available. Call for prices 
and details. 

Vitamin C.*225®® 

Includes source. Specify compiler 
when ordering. 

VCScreen.*149®® 

Requires Vitamin C library above. 

Reference Database...*50®® 

Requires the Norton Guides program 
sold separately. 

Requires IBM PC, XT, AT, PS/2 or com¬ 
patible. Include UPS shipping: $3 for 
ground, $6 for 2nd day air, $20 for over¬ 
night, $30 if outside U.S. All funds must 
be in U.S. dollars drawn on a U.S. bank. 


ORDER NOW! 
( 214 ) 

416-6447 



Box 112097 Carrollton, Tx 75011 



















































KEEP UP WITH 
THE OS/'s 


Megabytes of Memory and 32-Bit Performance for DOS. 


If you thought the only way to 
protected mode was the big move 
to OS/2...We have good news! You 
can gain the benefits of protected 
mode the easy way with OS/286 ™ 
and OS/386'”. These tools for C, 
Fortran, Pascal and assembly 
language programmers permit 
rapid conversion of existing DOS 
applications from “real” 8086 
mode to “protected” 286 and 386 
mode. They don’t replace or mod¬ 
ify DOS, but extend it to protected 
mode. This way you get multi¬ 
megabytes of directly addressable 
memory (16Mb-286, 4Gb-386) 
with the compiler, TSRs, device 
drivers, graphic routines, etc. you 
use today. 

OS/286 and OS/386 are the only 
DOS extenders that span both the 
286 and 386 processors. They run 
on the widest array of AT and 386 
machines, with 32-bit capability 
today on 386s that yields twice 
the performance of 16-bit mode. 

OS/286 and OS/386 are the pre¬ 
ferred solutions for developers 
of high performance memory¬ 
intensive applications, including 
CADKEY, CASE, and Gold Hill, 
and premier language developers 
Lahey and MetaWare. 

Our optional TOUCHDOWN'” 
BIOS supplement provides fast 
and reliable protected mode oper¬ 
ation on any 286 system, even 
those with problems resetting the 
286. (Ever notice how few existing 
machines Operating System/2 
runs on?) TOUCHDOWN is not 
required for most major brand AT 
clones, but for the older machines 
it is a lifesaver! 

If your applications are run¬ 
ning out of memory or need more 
speed, enhance them now without 
abandoning your investment in 
DOS. 


Special 

$ 49.50 

Evaluation Offer 


Check out for yourself the bene¬ 
fits of protected mode. Our $49.50 
“sampler special” is a complete 
OS/286 Developer’s Kit, but with 
a time limited, non-distributable 
kernel. There’s no better way to 
learn about the outstanding fea¬ 
tures of OS/286 and OS/386 than 



networks run concurrently on the 
base processor. Applications using OS/ 
x86 automatically spilt tasks between 
the Hummingboard and the base. This 
can provide a 5-1 Ox speed-up with a 
Hummingboard in an AT and up 
to a 2x performance boost with it in a 
fast 386 system, such as the Compaq 
386/20. Hummingboards avaiiabie 
with up to 24Mb, 80387. 

Prices start at 
Just $1,495 


to try them. Of course, the $49.50 
is applicable to the purchase of 
the full OS/286 (16-bit) or OS/386 
(32-bit) kit at $495 for either one. 


The OS/x86 Developer’s Kits 
include support for popular, C, 
Fortran, Pascal, Lisp, Prolog, 
compilers, and assemblers from: 
MetaWare, Lahey, Microsoft, Lat¬ 
tice, Gold Hill, LogicWare and 
Phar Lap. A number of other 
packages are also supported 
including PLINK86, Halo & GSS 
Graphics and DESQview. 


Architects, Inc. 

One Kendall Square, Cambridge, MA 02139 
TEL (617) 577-8052 FAX (617) 577-9774 
Credit card orders only - 24 hours. 617-577-1305 


The HummingBoard® turns any XT, 
AT or 386 into the fastest, most capa- 
bie 386 system avaiiabie. The dual 
processor architecture provides up to 
900K each for multiple real mode 
applications (Lotus, etc.) which can 
co-reside with protected mode appli¬ 
cations on the HummingBoard's 
20MHz 386, while 


HummingBoard* is a registered trademark and OS/286, OS/386 and TOUCHDOWN are trademarks of A.I. Architects, Inc., PLINK86 is a trademark of Phoenix Corp., 
HALO is a registered trademark of Media Cybernetics, Inc., DESQview is a trademark of Quarterdeck Office Systems. 

Compaq Deskpro 386 is a trademark of Compaq Computer Corp. 
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PETER C. COFFEE 


Outfitting the End User 

Folklore, Fear—and FoUy 

The current debate over “look and feel” obscures 
more fundamental problems about user sati^actkm. 



T he lead time for this column 
makes it hard to strike a balance 
between being timely when I 
write it, but staying relevant until you 
read it. As I write this, for example, the 
Apple lawsuit against Hewlett-Packard 
and Microsoft is the hottest topic of 
discussion in the computer industry. By 
die time this article is published, how¬ 
ever, the lawsuit may even be settled. I 
will lose my pundit’s permit if I don’t 
say something about it, but I will defer 
my comments until the end of the 
column—bodi my opinion of Apple 
and my unorthodox predictions of who 
stands to win from this mess. 

The lawsuit reinforces my view of 
a problem that has been around for 
some time. The problem is that of 
overemphasizing the computational 
aspect of personal computing—the 
apparently widespread doctrine that the 
interface between the user and the 
processor/file system is the critical path 
toward greater ease of use. My experi¬ 
ence in user support suggests that this 
is a serious case of working hardest on 
the problems whose solution brings 
creative satisfaction, rather than finding 
out what really gets in die users’ way 
and fixing it—however technically 
trivial that may be. 

THE CABLE GOD IS ANGRY 

Let me tell you a story. It takes place in 
the office of one of my consulting cli¬ 
ents—a small firm with two XT-class 
PCs, one of them an older IBM XT and 
the other a brand-new compatible. The 
story begins when they called with a 
problem. “The printer cable you or¬ 
dered for our new system is here, but 
it isn’t working,” diey said. 

Terrific. I hate cable problems. 

One of these days I will have to get a 
breakout box, but it drives me crazy 
that even the good mail-order catalogs 
have printer cable selection tables that 
look like zip-code directories for the 
northern hemisphere. 


When I arrived, however, the 
printer and cable were working fine, 
but the application running on the new 
system had a fixed left margin of zero 
for printed output. The printer’s (non- 
adjustable) sheet feeder was aligning 
the paper an inch too far to the right. 
The users “saw” the printer cutting off 
the beginning of each line, which 
never happened when this printer was 
on the older system whose applications 
were set for proper margins. They con¬ 
cluded the cable was at fault. 

Who can blame them? They con¬ 
structed a reasonable explanation, 
given limited information, in the same 
way that the ancient Greeks came up 
with the concept of a thunder god to 
explain loud noises during storms. 

My first question was, “Does this 
program really have no way to change 
the margins on the printout?” This led 
to an interesting expedition tlirough a 
complete but confusing system of 
menus and manuals. Everything was 
there, but the information was ar¬ 
ranged according to what the program 
did rather than what the user would be 
trying to do. Options and commands 
for output were scattered in at least 
five different places. The logic was 
clear, but at right angles to what was 
needed to solve end-user problems. 


Perhaps tlie software designer 
should be kept away from the docu¬ 
mentation until its essential structure is 
in place. Otherwise, the structure of 
tlie program almost inevitably over¬ 
shadows the structure of the task that 
the program performs. Documentation 
should support the use of the product, 
not prove the designer’s competence 
by serving as an inventory of require¬ 
ments met and features provided. 

What the developer expects a fea¬ 
ture to be used for may have only a 
distant relationship to what it can actu¬ 
ally do. I once forced a program to do 
quarter-page output, for example, by 
sticking the printer control code for 
page length into the optional output 
header. Having gotten away with this 
kind of jury-rig before, I naturally 
looked for a similar way to solve my 
clients’ printer margin problem. 

ESCAPE FROM REALITY 

So far, my clients had followed my 
explanation well enough; the notion 
tliat tlie computer could reset the 
printer’s margins was no more magical 
than other tasks that the machine did 
all the time. When I opened the printer 
manual and started digging up the ac¬ 
tual control codes, however, my clients 
looked at me as if I were speaking 
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Martian. “The printer left margin is 
reset by placing the carriage at the de¬ 
sired position and sending the se¬ 
quence <ESC > <CR > L” 

First, try to explain that “ESC” is 
one “letter,” not the three letters E, S, 
and C. Then, try to explain that when 
you send the printer a group of letters 
beginning with this magic pseudo¬ 
character, it will not necessarily print 
them out. For extra credit, explain why 
sending the printer a carriage return 
does not return the carriage. Finally, 


explain why it is so hard to create such 
a sequence from the keyboard; DOS 
will not let you do it and neither will 
many text editors. 

Brilliant idea; use BASIC. Almost 
every computer, especially the DOS- 
based PC, has a version of BASIC on 
board that can print characters to a file. 

So, you can use BASIC to build a 
file containing the control codes for 
“left margin reset.” Next, build a batch 
file to run your application. The batch 
file copies the codes from their file to 


INTRODUCING 

SCREENN AKER - T. 

A POWERFUL NEW PROGRAM FOR: 

Programmers "C and Turbo Pascal 4.0'\ Software Developers, Independent Consultants, 
MIS Professionals, User Interface Designers, 

Anyone who wants their PC Software to look thoroughly professional. 

Requires IBM PC/compatible, MS-DOS 2.0 or higher. 

The package includes an Integrated Display Editor, 

Binary Display to C text Data Structure Converter and Slideshow Editor, 
memory resident Display Capture program. Standalone Slideshow Viewer, 
Siideshow Copier, Snapshot to Binary Display Converter, 
and Sample C and Pascal source code for using SCREENMAKER-T displays. 

All programs are EGA aware. 

With the Capture program. Converter and the Integrated Editor you can: 

• Capture text displays up to 132x43 from any running program for 
subsequent Editing 

• Create/Edit Color displays even on a Black and White or Monochrome system 

• Enter Text in Four Directions 

• Draw Boxes or Freehand Lines with any of the ASCII or Extended ASCII Characters 

• Block Copy, Move, Duplicate, or Delete 

• Keep Display Elements on a Scratchpad 

• Change Colors by Block or with the Cursor 

• Save and Edit Partially Completed Displays 

• Call up Help or Cancel most Operations with One Keystroke 

• Convert Displays to C or Turbo Pascal Data Structure and 
significantly reduce program size and maintenance 

• Build and Edit a Static Slideshow 

With the Standalone Viewer you can: 

• Freely distribute Slideshows with a copy of the Viewer and the Slideshow Copier! 

The same libraries used to write SCREENMAKER-T 
are also available and provide efficient functions to 
maintain complete control over the display and keyboard. 

They are now available for Turbo C (VI.0,1.5), Microsoft C (V4.0,5.0), 

Lattice C (V2.1x), Aztec C (V3.2), and Mix C (VI.0), Turbo Pascal (V4.0). 


SCREENNAKER-T 
ONLY * 99.95 

MD RESIDENTS ADD 5% SALES TAX 



MULTISYSTEM DEVELOPMENT, INC. 

P.O. Box 1292 • Severna Park, MD 21146 

Turbo C and Turbo Pascal are registered Trademarks of Borland Int’l., Inc.; Microsoft C is a Registered Trademark 
of Microsoft Corp.; Lattice C is a Registered Trademark of Lattice. Inc.; Aztec C is a Registered Trademark of 
Manx Software, Inc.; Mix C is a Registered Trademark of Mix Software: IBM PC is a registered trademark of 
IBM Corporation; MS-DOS is a registered trademark of Microsoft Corporation. 


CALL TODAY 

1 - 800 - 848-8338 
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the printer and runs the program in 
question (pray that the program does 
not have a printer reset hard-coded 
into its output routine). On returning 
to DOS, the batch file copies a printer 
reset code from another file to the 
printer before returning to the top- 
level applications menu. 

Following the above logic, I 
loaded BASIC to build the necessary 
files—and the computer hung up. The 
dealer who sold my clients their new 
compatible system sold them genuine 
IBM PC-DOS to go with it. Great idea 
except that IBM BASIC hangs up non- 
IBM machines when it goes to load the 
kernel of BASIC from ROM, where it 
will not be found (so far as I know) on 
any non-IBM machine. 

So back to the old system, a genu¬ 
ine IBM/XT. The command 

PRINT#1,SPACEI(10) + CHR$(27) + 
CHR$(13) + ”L” 

should move the printer over 10 spaces 
and reset the left margin. Then, back to 
the new compatible system. Whoops, 
we need just one more space. No 
problem. Pull up the file in the text 
editor and add one. 

Now, wait a minute. What’s going 
on? All of a sudden, the printer is 
printing the “L” at the end of the es¬ 
cape sequence and not resetting the 
margin at all. What happened? 

A quick check of file sizes makes 
me highly suspicious. The file with^ one 
more space in it has two more bytes 
than the previous version. Where did 
the second byte come from? The su¬ 
premely helpful text editor converted 
the carriage return (ASCII 13) in the 
printer control sequence to a carriage- 
return/line-feed pair (ASCII 13-10). The 
printer was not amused. Back to BASIC, 
rebuild the file . . . success. 

So let’s review the bidding, shall 
we? All the user would have had to 
know to resolve the problem is: 

• If tlie printer is producing readable 
text, even if it is only part of what 
you want, then the printer and cable 
are probably both all right. 

• The left margin, page length, and 
other physical attributes of the 
printer and paper are logical varia¬ 
bles that are software-controllable. 

• BSC means “Bscape” and is just an¬ 
other word for ASCII 27; CR is short 
for “Carriage Return,” but really 
means ASCII 13; CR-LF is different 
from just plain CR. 

• Batch files can copy strings from files 
to the printer before and after run¬ 
ning an application. 
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Cocaine can 
mate you blind. 


Cocaine fools your brain. 

When you first use it, you 
may feel more alert, more 
confident, more sociable, more 
in control of your life. 

In reality of course, nothing 
has changed. But to your 
brain, the feeling seems real. 

From euphoria... 

You want to experience it again. 
So you do some more coke. 

Once more, you like the 
effects. It’s a very clean high. 

It doesn’t really feel like you’re 
dm^ed. Only this time, you 
notice you don’t feel so good 
when you come down. You’re 
confused, edgy anxious, even 
depressed. 

Fortunately that’s easy to fix. 
At least for the next 20 min¬ 
utes or so. All it takes is another 
few lines, or a few more hits 
on the pipe. 

You’re discovering one of 
the things that makes cocaine 
so dangerous. 

It compels you to keep on 
using it. (Given unlimited 
access, laboratory monkeys 
take cocaine until they have 
seizures and die.) 

If you keep experimenting 
with cocaine, quite soon you 
may feel you need it just to 

® 1987, DDB Needham Worldwide Inc. 


function well. To perform 
better at work, to cope with 
stress, to escape depression, 
just to have a good time at 
a party or a concert. 

Like speed, cocaine makes 
you talk a lot and sleep a little. 
You can’t sit still. You have 
difficulty concentrating and 
remembering. You feel a^es- 
sive and suspicious towards 
people. You don’t want to eat 
very much. You become unin¬ 
terested in sex. 


To paranoia... 

Compulsion is now definitely 
addiction. And there’s worse 
to come. 

You stop caring how you 
look or how you feel. You 
become paranoid. You may feel 
people are persecuting you, 
and you may have an intense 
fear that the police are waiting 
to arrest you. (Not surprising, 
since cocaine is illegal.) 

You may have hallucinations. 
Because coke heightens your 
senses, they may seem 
terrifyingly real. 

As one woman overdosed, 
she heard laughter nearby and 
a voice that said,“I’ve got you 
now.” So many people have 
been totally convinced that 


bugs were crawling on or 
out of their skin, that the hal¬ 
lucination has a nickname; 
the coke bugs. 

Especially if you’ve been 
smoWng cocaine, you may 
become violent or feel suicidal. 

When coke gets you really 
strung out you may turn to 
other drugs to slow down. Par¬ 
ticularly downers like alcohol, 
tranquilizers, marijuana and 
heroin. (A speedball—heroin 
and cocaine—is what killed 
John Belushi.) 

If you saw your doctor 
now and he didn’t know you 
were using coke, he’d probably 
diagnose you as a manic- 
depressive. 

To psychosis... 

Literally you’re crazy 

But you know what’s truly 
frightening? Despite everything 
that’s happening to you, even 
no\y you may still feel totally 
in control. 

That’s the drug talking. 
Cocaine really does make you 
blind to reality And with what’s 
known about it today you 
probably have to be something 
else to start using coke in the 
first place. 

Dumb. 


Partnership for a Drug-Free America 
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ttract potential customers, distributors, 
and vendors with our tastefully 
designed reprints. Revitalize your arti¬ 
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Ziff-Davis reprints are concisely reformatted 
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OUTFITTING THE END USER 


• BASIC can be used to build arbitrary 
strings, once you learn to pretend 
that files are real. 

• IBM BASIC makes non-IBM com¬ 
puters hang up. 

This by no means exliausts tlie 
collection of guru-type knowledge re¬ 
quired to deal with the trivial, day-to- 
day problems encountered when using 
PCs. You can call it expertise if you 
want to—I call it folklore. 

WE ARE ALL IN THIS TOGETHER 

There should not be any smug faces 
out there in Macintosh land, either; I 
have seen almost identical problems 
with the Mac. In one case, the printer 
kept telling the user “PostScript error: 
frameDevice,” and the application 
would helpfully report, “The document 
is OK but cannot be printed.” 

That one was solved by going into 
the “native” Printer Setup screen. This 
required the user to bypass the appli¬ 
cation’s private Printer Setup procedure 
by holding down the Shift key when 
making the selection from the menu 
(obvious, right?), going into the largely 
unknown Options screen under Printer 
Setup, and selecting the “Larger Print 
Area” option. Most Mac users do not 
even know this option exists. 

A second, even simpler, incident 
involved a Mac that kept telling die 
user it could not even find the printer. 
I’m glad I wasn’t the one who had 
changed the printer’s network name 
over the weekend, appending the room 
number so people would know which 
printer was which when a second one 
was added to the network. Basically a 
good idea, but even the much-vaunted 
user-friendly Macintosh could not be 
bothered to say, “There is no printer 
with the name X on the net: please run 
Chooser and select another one.” 

Printing is not the only domain of 
such nonsense. I literally have lost 
track of the number of times that a 
user formatted an entire row or col¬ 
umn of a spreadsheet, used only a frac¬ 
tion of its length or width, but ran out 
of memory just the same, because the 
program was too stupid to suggest that 
the blank formatted cells might not be 
needed. This, too, afflicts both the PC 
(Lotus 1-2-3) and Macintosh (Microsoft 
Excel) communities. Don’t developers 
have any idea of what users do with 
their products? 

FOLKLORE BREEDS FEAR 

In a simpler age, folklore helped peo¬ 
ple cope with fear of the unknown by 
letting them think they knew what was 


going on. In the computer era, how¬ 
ever, folklore convinces many intelli¬ 
gent people that using a computer is 
not worth the hassle. They know that 
when a problem arises, they may rack 
their brains for hours, or even days, 
only to find out that the answer was 
impossible to figure out. They just had 
to know it or know whom to ask. 

Moreover, once most users have 
found something that works, they don’t 
want to stick their heads out of the fox¬ 
hole again to find something that 


works better. This results in early, 
spectacular productivity gains, then a 
quick and deadly stagnation. In Tom 
Peters’s new book. Thriving on Chaos: 
Handbook for a Management Revolu¬ 
tion, he sets forth the following as Pre¬ 
scription P-10 (the P is for people): 
“Eliminate Bureaucratic Rules and 
Humiliating Conditions.” Peters wasn’t 
talking about computers, but this 
should be one of the most important 
guidelines for designing and adminis¬ 
tering any computer-based system. 



BBIEF" Users: Now 

you can have fast compilation AJSTD 
an integrated, productive environment. 

O ver 5,000 of you were forced to make sacrifices to use BRIEF,' 

Programmer’s Editor. Advanced compilers and new programming ' 
environments, like Turbo C and QuickBASIC, took up so much RAM 
that BRIEF could not fit in the same 640k. 

If you wanted to retain BRIEF’s uniquely powerful features^ while 
working with larger programs, you had to sacrifice speed and 
continuity. Instead of a tight Edit-Compile-Edit loop, you had to slog 
through an obsolete Edit-Exit-Compile-Exit-Edit loop. 

Now you no longer have to make that sacrifice. 

You can enjoy the features^ that have made BRIEF the best-selling 
and the best regarded^ programmer’s editor without sacrificing 
environment integration. 

Version 2.1 of BRIEF can be swapped in and out with a 
single keystroke — allowing immediate compilation with 
even the largest compilers: Microsoft C5.0, QuickC, 

Turbo C, Lattice C, dBXL, FoxBASE+ v2.0, Clipper, etc. 


^ For example: real multi-level Undo (not simply Undelete), flexible windowing, 
unlimited file size, unlimited number of simultaneous files, automatic language 
sensitive indentation. 

* For example: 

“The quintessential programmer’s editor.” — Dr. Dobb's Journal “Right out 
of the box, it’s a versatile, extremely powerful editor that handles most any pro¬ 
gramming task with aplomb.” — Computer Language “Simple to learn and 
use and extremely sophisticated. Strongly recommended.” — PC Magazine 
“Not only the best programmer’s text editor I’ve ever seen, but it is also a tour 
de force in the way it was conceived and implemented.” — Computerworld 
“So far surpasses users’ expectations that it is revolutionary. ” — MicroTimes 
Magazine “BRIEF is truly outstanding.” — Microsoft Systems Journal 


Current BBIEF Users: 

Call Ann for details on 4 other 
important enhancements. Registered 
users of versions 2.0 or 2.01 update 
for only $35. 

Call toll-free today 

800 - 821-2492 


evolution 

<S^ems 


Haven^ tried BBIEF yet? 

BRIEF retails for $195. Call Ann 
today for a no-risk, 60-day trial 
with a full, money-back guarantee. 

Call toll-free today 

800 - 821-2492 

841 Main Street, Snlte 410 
South Wesnnouth, MA 08190 
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OUTFITTING THE END USER 


I am not talking about fantasies 
here, just simple courtesy. Let future 
releases of IBM BASIC return an error 
message, “This program requires IBM 
ROM BASIC,” rather than hanging up 
the machine because you had the te¬ 
merity to run it on someone else’s 
hardware. Similarly, let error messages, 
in general, offer at least one likely sug¬ 
gestion about what might fix the 
problem—or at least a referral to a 
manual page that lists the probable 
causes of the error. 

AND NOW FOR THE FOLLY 

The main reason that computer folk¬ 
lore is such a problem is that die 
magic words vary so much from one 
machine to another. Learning one set 
of reasonably consistent conventions 
would not be so threatening to the cas¬ 
ual user. It is therefore sheer folly to 
block the emergence of such standardi¬ 
zation when it is the potential users’ 
fear of long learning curves that holds 
back the growth of the market. 

This brings us back to the Apple 
lawsuit. The target of my criticism has 
already provided the best possible at¬ 
tack. On page 344 of Apple CEO John 
Sculley’s autobiography, Odyssey\ he 
says: “If we sued our most important 


software supplier, our business custom¬ 
ers would think we’d lost our minds.” 

Right on, John. You did, and we 
do. In one step, Apple went from being 
perceived with growing respect as the 
company that was showing how well 
things could be done, to being the 
company that did not have an encore 
and started throwing tomatoes at the 
other performers instead. 

I see only two winners emerging 
from the resulting mess. The first is the 
group of users, including myself, who 
were thoroughly annoyed that the in¬ 
dustry seemed to be waiting for Pre¬ 
sentation Manager before it got serious 
about OS/2. With the new, intensified 
uncertainty over when Presentation 
Manager will be here and what it will 
look like, maybe developers will finally 
realize that at least 65 percent of what 
makes OS/2 important has nothing to 
do with the graphics user interface. 

Wake up, developers. We are talk¬ 
ing about virtual memor>^ multiple 
threads of execution within an applica¬ 
tion, dynamically linking libraries—in 
short, a collection of new capabilities 
that sounds more like Apple’s prom¬ 
ised early-1990s rewrite of the Macin¬ 
tosh operating system than like an imi¬ 
tation of Apple’s current offerings. 


The second winner will be the 
Smalltalk-80 implementors; they have 
substantial experience with a graphics- 
interface programming environment, 
which even includes multiple indepen¬ 
dent processes and has been licensed 
by Xerox for many years. Digitalk’s 
Smalltalk/V, for example, though it does 
not implement the full language, still 
delivers a powerful development and 
applications environment for about 
die price of some products’ runtime 
licenses alone. 

Also in the ball game are ParcPlace 
Systems, whose Smalltalk-80 implemen¬ 
tations are portable across Sun, Apollo, 
Hewlett-Packard, and Macintosh plat¬ 
forms; Softsmarts, with Smalltalk-80 for 
80286 and 80386 machines; and Tek¬ 
tronix, whose 4315 workstation offers 
5MB of RAM, an 86MB disk, and bun¬ 
dled Smalltalk-80 and C running under 
a variant of UNIX, all on a 68020 with 
68881 madi chip and all for less than 
$10,000 list price. 

Tektronix also had the sheer mar¬ 
keting genius to bundle Insignia Solu¬ 
tions’ SoftPC emulator with the 4310- 
series systems, providing PC emulation 
with XT-class performance in a window 
on the screen. Finally, you no longer 
need to keep a PC compatible nearby 
in order to run WordStar or Lotus 1-2-3 
while your more powerful workstation 
sits idle. Having affordable hardware 
powerful enough to emulate a variety 
of mainstream systems has been a 
long-standing power-user’s fantasy—it 
is finally a reality. 

Plenty of developers, especially 
those delivering turnkey systems or in- 
house applications, would do well to 
examine Smalltalk-80 platforms as alter¬ 
natives to the nonportable Macintosh 
operating system and the nonavailable 
OS/2 Presentation Manager. 

The irony is that while today’s af¬ 
fordable machines are finally crossing 
the critical line to become more com¬ 
puter than most users will ever need, 
development resources continue to 
concentrate on letting the user do 
more instead of making the machine 
help more. Those developers who take 
the lead in redressing this imbalance 
will be the first to get the business of 
tlae vast majority of potential users— 
tlie ones who have yet to buy their first 
desktop computer. I '"1111 m 


Peter C. Coffee is managing partner of 
SolveWare, a developer and business com¬ 
puting consultant, and is active in AI and 
distributed computing applications for aero¬ 
space and educational clients. 
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Application Development 


Fully Integrated: 

* Interactive forms 
design 

* Application 
generator 

* Menu generator 

* Active dictionary 

* Advanced 
debugging aids 

* Programming 
language interface 

* Report writer/ 
specifier 

* Entity-relational 
(ER) dbms 

* Runtime systems 

* Multi-level security 

Completely 

Portable: 

* PC- MS-DOS 

* Novell, MS-Net 

* UNIX, QNX, XENIX 

* VAXA/MS 

* IBM VM/CMS 

Advanced 

Architecture: 

‘SQL 

* A-1 based 

* Case modelling 
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ZIM 3.0 is the most comprehensive 4GL application 
development system available today, offering complete 
micro-to-mainframe application portability (with no code 
changes). ZIM's elegant, procedural language permits 
everything from simple queries through to complex 
database operations and provides capabilities for 
comprehensive data extraction, manipulation and 
presentation. 

ZIM has won accolades from professional application 
developers worldwide who appreciate a barrier-free 
development environment that delivers optimum 
performance on every major technological platform. 

ZIM is supported by an ever-growing family of companion 
products like NIVA's Guide to ZIM (a novice-to-expert 
learning and reference text), ZIM/ISQL which allows queries 
based on SQL syntax. Runtime and Query-Runtime 
systems and ZIMPLE, an add-on module that permits easy 
use, allows end-users to create their own simple 
applications, ad hoc queries or paint their own reports (used 
with ZIM or Query Runtime). 

Around the world, from Australia to Europe, ZIM Service 
Centers and Distributors stand ready to supply and assist 
any ZIM user. 

Already an integral part of data management in national 
governments, international banks, financial corporations 
and thousands of other applications ZIM welcomes you to 
the world of serious application development. 

For more information caii todayi 

1-800-267-9972 (U.S.) 

(613) 727-1397 (Canada and Overseas) 

Distributor and VAR Inquiries Welcome 


Designed WIfh Professional 
Developers In Mind! 
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Programmer's Paradise Gives You Superb Selection, 
Personal Service and Unbeatable Prices! 

Welcome to Paradise. The microcomputer software source that caters to your programming needs. 
Discover the Many Advantages of Paradise... 

• Lowest price guaranteed • Huge inventory, immediate shipment • Special orders 

• Latest versions • Knowledgeable sales staff • 30-day money-back guarantee* 

Over 500 brand-name products in stock—if you don't see it, call! 


We’ll Match Any Nationally Advertised Price. 


386 SOFTWARE 

386-TO-THE-MAX 

ADVANTAGE 386 C OR PASCAL 

DESQVIEW 

FOXBASE + /386 

HIGH C-386 

MICROPORT SYS V/386 (COMPLEl 

MS WINDOWS/386 

NDP C OR FORTRAN-386 

PHARLAP 386IASM/LINK 

SCO XENIX SYS V 386 (COMPLETl 

VM/386 

X-AM 

ARTIFICIAL INTELLIGENCE 
ARITY STANDARD PROLOG 
MULISP-87 INTERPRETER 
PC SCHEME 
TURBO PROLOG 
TURBO PROLOG TOOLBOX 

ASSEMBLERS/LINKERS 

ADVANTAGE DISASSEMBLER 

MS MACRO ASM (DOS OR OS/2) 

OPTASM 

PASM86 

PLINK86PLUS 

BASIC 

DB/LIB 

FINALLY! 

FLASH-UP 
MACH 2 

MS BASIC COMP. 6.0 (DOS OR OS/ 

MS QUICKBASIC 

QUICKPAK 

QUICKWINDOWS W/SOURCE 
TRUE BASIC 
TURBO BASIC 
TURBO BASIC TOOLBOXES 


LIST OURS 


LIST OURS 


LIST OURS 



C LIBRARIES 



PMATE 

195 

115 

75 

66 

C ASYNCH MANAGER 

175 

137 

SPF/PC 

245 

185 

895 

839 

C-FOOD SMORGASBORD 

150 

97 

VEDIT PLUS 

185 

131 

130 

115 

C TOOLS PLUS/5.0 

129 

101 




595 

459 

C UTILITY LIBRARY 

185 

125 

FILE MANAGEMENT 



895 

839 

ESSENTIAL COMMUNICATIONS 

185 

125 

BTRIEVE 

245 

185 

:) 799 

679 

COMMUNICATIONS PLUS 

250 

199 

XTRIEVE 

245 

189 

195 

130 

GREENLEAF C SAMPLER 

95 

69 

REPORT OPTION 

145 

109 

595 

553 

GREENLEAF COMM LIBRARY 

185 

125 

BTRIEVE/N 

595 

455 

495 

422 

GREENLEAF FUNCTIONS 

185 

125 

XTRIEVE/N 

595 

459 

>1595 

1279 

MULTI-C 

149 

137 

REPORT OPTION/N 

345 

279 

245 

182 

PFORCE 

395 

215 

CBTREE 

159 

141 

595 

549 

RESIDENT C W/SOURCE 

198 

169 

C-TREE 

395 

318 



TIMESLICER 

295 

279 

R-TREE 

295 

241 



TURBO C TOOLS 

129 

101 

C-TREE/R-TREE BUNDLE 

650 

523 

95 

80 




D-TREE 

395 CALL 

300 

199 

COBOL 



DBC III 

250 

172 

95 

86 

E-Z PAGE 

295 

269 

DBG III PLUS 

750 

599 

100 

69 

MICRO FOCUS 



DB-VISTA OR DB_QUERY 

195 CALL 

100 

69 

COBOL/2 

900 

733 

SINGLE USER W/SOURCE 

495 CALL 



COBOL/2 TLSET 

900 

733 

MULTIUSER 

495 CALL 



PC-CICS 

1500 

1189 

MULTIUSER W/SOURCE 

990 CALL 

295 

279 

LEVEL II COBOL 

349 

282 

INFORMIX PRODUCTS 

CALL CALL 

150 

99 

PERSONAL COBOL 

149 

119 

XQL 

795 

599 

195 

172 

MICROSOFT COBOL 

700 

452 




195 

115 

MICROSOFT SORT 

195 

130 

FORTRAN COMPILERS 



495 

279 

OPT-TECH SORT 

149 

105 

LAHEY FORTRAN F77L-EM/16 

695 

629 



REALCICS 

995 

799 

LAHEY PERSONAL FORTRAN 77 

95 

86 



REALIA COBOL 

995 

794 

MS FORTRAN (DOS OR OS/2) 

450 

285 

139 

121 

W/REALMENU 

1145 

899 

RM/FORTRAN 

595 

479 

99 

90 

RM/COBOL 

950 

763 




89 

80 

RM/COBOL-85 

1250 

999 

FORTRANLIBRARIES/UTILITIES 


75 

66 

RM/SCREENS 

395 

339 

DIAGRAM’ER OR DOCUMENT’ER 

129 

115 

) 295 

189 

SCREENIO 

400 

382 

GRAFMATIC OR PLOTMATIC 

135 

119 

99 

69 




MAGUS NUMERICAL ANALYST 

295 

252 

69 

60 

COMMUNICATIONS 



MATHPAC 

495 

445 

99 

90 

ASCOM IV 

195 

177 

SPINDRIFT LIBRARY 

149 

135 

100 

80 

CARBON COPY PLUS 

195 

142 

SSP/PC 

350 

272 

100 

69 

CO-SESSION (2 USER) 

249 

227 




100 

69 

SUPPORT 

175 

157 
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NORTON EDITOR—Fast editor with all the 
essential features at the right price. Split-screen edit, 
auto-indent for Pascal and C, word wrap, word action, 
mouse support, easfly customized. 

List: $75 Ours: $70 

HALO ’88—Neudy enhanced version of this graphics 
subroutine library now supports over 140 hardware 
devices. Designed to support the PS/2 series and VGA. 
Compatible with 18 programming languages. 20 fonts 
are now included. 

List: $325 Ours: $229 

SCO VP/IX— Extension of the XENIX operating 
system, enables users to run DOS software "off the 
shelT as a task under SCO XENIX on Intel 80386- 
based computers. 

List: Two-users: $495 Ours: $399 

List' Unlimited users: $995 Ours: $799 

GREENLEAF DATAWINDOWS FOR OS/2 —This 
version takes full advantage of OS/2 virtual memory and 
multitasking. C(Mnpletely rewritten assembler code for 
OS/2, not just a re-compile. Works in a multi-thread 
situation, with windows that can be made swappable 
when you wish. Create logical windows, easy menus, 
list boxes, transaction data entry. Source code 
included. Supports Microsoft and Lattice C. 

List: $395 Ours: $279 


TURBO PASCAL ADD-ONS 
ASCII TURBO GHOST WRITER 
STARTER 
COMPLETE 

DOS/BIOS & MOUSE TOOLS 
FLASH-UP 

METRABYTE DATA ACQ. TOOLS 
SCREEN SCULPTOR 
SYSTEM BUILDER 
IMPEX 

REPORT BUILDER 
T-DEBUG PLUS V. 4.0 
W/SOURCE 
TURBO. ASM 
TURBO ASYNCH PLUS 
TURBO GEOMETRY LIBRARY 
TURBO HALO 
TURBO MAGIC 
TURBO POWER TOOLS PLUS 
TURBO POWER UTILITIES 
TURBO PROFESSIONAL 4.0 
TURBO WINDOW/PASCAL 

SCREENS/WINDOWS 

C-SCAPE 

CURSES W/SOURCE 
GREENLEAF DATA WINDOWS 
HI-SCREEN XL 
JYACC FORMAKER 
JYACC JAM 

MICROSOFT WINDOWS 
MS WINDOWS DEVELOPMENT KIT 
PANEL PLUS 
PANEL/QC OR /TC 
SCREENSTAR W/SOURCE 
VIEW MANAGER 
VITAMIN C 
VC SCREEN 
WINDOWS FOR DATA 
W/SOURCE 


99 

80 

289 

262 

75 

70 

89 

80 

100 

90 

125 

96 

150 

131 

100 

90 

130 

116 

45 

39 

90 

80 

99 

70 

129 

101 

100 

90 

99 

80 

99 

90 

129 

101 

95 

79 

99 

80 

95 

80 

299 

282 

250 

172 

295 

209 

149 

129 

495 

453 

750 

684 

99 

69 

500 

319 

495 

395 

129 

99 

198 

169 

275 

199 

225 

162 

99 

80 

295 

239 

590 

479 


DBASE TOOLS 


APPLICATION PLUS 

499 

279 

DBASE III PLUS 

695 

399 

DBASE TOOLS FOR C OR PASCAL 

90 

69 

DBFAST 

69 

60 

DEBUG III 

195 

181 

FOX TOOL BOX 

295 

267 

FRIENDLY FINDER 

99 

90 

GENIFER 

395 

282 

HI-SCREEN XL 

149 

129 

QUICK ENTRY 

99 

90 

R&R 

150 

139 

REPORT PLUS 

150 

131 

THE DOCUMENTOR 

295 

249 

TOM RETTIG’S LIBRARY 

100 

80 

UI PROGRAMMER 

295 

249 

C COMPILERS 



LATTICE C 

500 

272 

MICROSOFT C (DOS OR OS/2) 

450 

285 

QUICK C 

99 

69 

TURBO C 

100 

69 

CINTERPRETERS 



C-TERP 

298 

232 

INSTANT C 

495 

384 

RUN/C 

120 

85 

RUN/C PROFESSIONAL 

250 

159 


APPLICATION 
PTEL 
SIDETALK 

DEBUGGERS 
ADVANCED TRACE-86 
PERISCOPE I 
PERISCOPE II 
PERISCOPE III 8 MHZ 
PERISCOPE III 10 MHZ 
PFIX 86 PLUS 


125 

50 

120 


175 

345 

175 

1095 

1195 

395 


DISK/DOS/KEYBOARD UTILITIES 
ADVANCED NORTON UTILITIES 150 
COMMAND PLUS V. 2.0 80 

DISK OPTIMIZER 75 

FETCH 55 

NORTON COMMANDER 75 

PC TOOLS DELUXE 80 


116 

45 

90 


121 

282 

141 

899 

979 

215 


101 

70 

56 

49 

56 

70 


ADVANTAGE GRAPHICS (C) 250 

ESSENTIAL GRAPHICS 299 

W/SOURCE 598 

GSS GRAPHIC DEV. TOOLKIT 495 

HALO '88 325 

HALO ’88 (5 MICROSOFT LANG.) 595 

METAWINDOW PLUS 275 

TURBOWINDOW/C 95 

TURBO HALO (FOR TURBO C) 99 

MODULA-2 
LOGITECH MODULA-2 
COMPILER PACK 99 

DEVELOPMENT SYSTEM 249 

TOOLKIT 169 

SOLID B+ TOOLBOX 99 

STONYBROOK MODULA-2 195 

W/UTILITIES 345 


PDISK 

145 

107 

OBJECT-ORIENTEDPROGRAMMING 

VFEATURE 

80 

75 

ACTOR 

495 




ADVANTAGE C + + 

495 

EDITORS 



PFORCE +-I- 

395 

BRIEF 

195 CALL 

SMALLTALK/V 

100 

W/DBRIEF 

275 CALL 

APPLICATION PACKS 

50 

EMACS 

295 

268 

SMALLTALK/V286 

200 

EPSILON 

195 

151 



KEDIT ,. 

150 

120 

OPERATING SYSTEMS 


MKS Vi ■ 

75 

66 

MICROPORT DOS MERGE 

149 

MULTI-EDIT 

99 

90 

MICROPORT SYS V/AT 

549 

NORTON EDITOR 

75 

70 

SCO XENIX SYSTEM V (COMP.) 

1295 

PC/EDT-l- 

295 

269 

WENDIN-DOS 

OTHER MICROPORT. SCO. 

99 


229 

229 

509 

399 

229 

399 

232 


81 

199 

141 

89 

179 

299 


423 

479 

215 

85 

45 

169 


FREE 

T-SHIRT-7 

When you buy two 


you buy 
or more products 
before Aug. 1,1988. 


Net accounts excluded. 
One per customer. 
While supply lasts. 


/ 



i 


ADDITIONAL PRODUCTS 



ADVANTAGE VCMS 

379 

339 

BABY/36 (RPG II) 

NEW 3000 

2699 

BASTOC 

495 

399 

DAN BRICKLIN’S DEMO PROGRAM 75 

59 

DEMO PROGRAM II 

195 

179 

DB2C 

299 

272 

FLOW CHARTING II 

229 

205 

MAGIC PC 

195 

179 

MKS RCS 

189 

162 

MKS-SQPS 

495 

473 

MKS TOOLKIT 

169 

149 

MS OS/2 PROG. TOOLKIT 

NEW 350 

229 

NORTON GUIDES 

100 

65 

PC-LINT 

139 

101 

POLYMAKE 

149 

131 

POLYTRON PVCS 

CALL CALL 

PRE-C 

295 

159 

SOURCE PRINT 

95 

81 

TREE DIAGRAMMER 

77 

70 


Terms and Policies 

• We honor MC, VISA, AMERICAN EXPRESS 

No surcharge on credit card or C.QD. Prepayment by check. New 
York State residents add appikabie sales tax. Shipping and handling 
$3.95 per item within the U.S.. sent UPS ground. Rush and 
international service availaWe. Call for prevailing rates. 

• Programmer's Paradise will match any current nationally advertised 
price with eouivalent terms for the products listed in this ad. 

• Prices and Policies subject to chan^ without notice. 

• Hours 9AM EST—7PM EST 

• Mail Onieri include your phone number 

*A$k for details. Some manufocturers will not allow returns once disk 
seats are broken. 

Dealers and Corporate Buyers—Call for 
special discounts and benefits! 


1-800-445-7899 

In NY: 914-332-4548 

Customer Service: 
914-332-0869 
International Orders: 

914-332-4548 
Telex: 510-601-7602 


WENDIN PRODUCTS 


Programmers 

rcJmut 

A Division of Hudson Technologies, Inc. 
42 River Street, Tarrytown, NY 10591 
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INC 


w 421 E. Palatine Rd. 

Palatine, IL 60067 


312-359-2626 


Software Link Inc: 

Multilink Advanced® $399 

Lanlink ™ 5.0 starter kit $349 

Lanlink ™ 5.0 satellite $79 

Lanlink™ 5X Server 195 

Lanlink™ 5X satellite $85 

Four port par board CALL 

AT Gizmo™ $259 

PC-Emulink™ $135 

PC-MOS™ single user $135 

PC-MOS™ five user $425 

PC-MOS™ 25 user $650 


ITI LinkUp products: 

3270 SNA $369 

3270 BSC $369 

3770 RJE $518 


Di 


4S/8S 16 bit I/O 

41/81 Intell I/O 


serial boards: 


$335/475 

$678/836 


Everex products: 

1200b internal modem $99 
2400b internal modem $175 
2400b extrenal modem $199 
60meg tape b/u cass int $595 
60 meg tape b/u cass ext $655 
40meg floppy tape b/u $399 
Magic I/O yj/AT $65/60 


4^1^1^deo* 

Settle for more. 

Terminals (new): 

905 green or amber 
955 green or amber 
9550 green or amber 
965 green or \white 
PC Station green 


Systems: 

TelOAS open 
architecture 
^sterns 

upgradable 


Tele-386 2m ram, 1.2fl, 
ser/par ports, 16mhz 



CALL 


Telecat-286 model I 
80286 6&8 mghz 512k ram, 

AT kb, mono monitor $1695 
(systems have on site warranty) 

The Data Processing 
Professionais Dealers 
(dealer inquires welcomed) 


MoUwCanli 

.x.y| 




Great Performances 



Demand an Encore 


Let us take your article to its highest 
level of marketing potential with a reprint! 

To find out how you can have your article or review 
elegantly reprinted** on 80 lb. paper stock, in 4-color, 
2-color or 1-color, call or write today: 

Jennifer Locke—Reprints Manager; 

Ziff-Davis Publishing Company, 

One Park Avenue, New York, NY 10016, 212-503-5447. 

** Minimum quantity 500 reprints. 


MICROSOFT EXCEL! 



Microsoft® Excel 
for the PC 


SALE 5319 

The Soul of the New Machines 

Designed to unleash the power of the 
latest generation of personal computers, 
Microsoft® Excel combines the muscle 
of a powerful spreadsheet, the flexibility 
of a lightning-fast database, and the interpretive brilliance of outstanding 
graphics. 

Whether you’re looking for power, flexibility or responsiveness, Microsoft Ex¬ 
cel outperforms every other spreadsheet. Yet it also works with other leading 
spreadsheets—including Lotus® 1-2-3®, Microsoft Multiplan® and the 
Apple® Macintosh™ version of Microsoft Excel. 


Microsoft® Excel for the Macintosh; SALE *’^299 REG. ^395 


To Order Call: 


1-800-BUY-WARE 

5(jffujar6 


Sale ends 6/30/88 



ADD $5 FOR SHIPPING AND HANDLING ON 
SINGLE UNIT PURCHASES. MULTIPLE PUR¬ 
CHASES WILL BE BILLED EXACT FREIGHT. 


CORPORATE ALLIANCE 


I VISA 


Please add appropriate sales tax. In Minnesota call (612)829-0344. 
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UNLEASH YOUR 80386! 


Your80386-based PC should run two to 
three times as fast as your old AT. This 
speed-up is primarily due to the doubl¬ 
ing of the clock speed from 8 to 16 MHz. 
The new MicroWay products discussed 
below take advantage of the real power 
of your 80386, which is actually 4 to 16 
times that of the old AT! These new pro¬ 
ducts take advantage of the 32 bit regis¬ 
ters and data bus of the 80386 and the 
Weitek 1167 numeric coprocessor chip 
set. They include a family of MicroWay 


80386 compilers that run in protected 
mode and numeric coprocessor cards 
that utilize the Weitek technology. 

The benefits of our new technol¬ 
ogies include: 

• An increase in addressable memory 
from 640K to 4 gigabytes using MS- 
DOS or Unix. 

• A12 fold increase in the speed of 32 bit 
integer arithmetic. 

• A 4 to 16 fold increase in floating point 



speed over the 80387/80287 numeric 
coprocessors. 

Equally important, whichever Micro- 
Way product you choose, you can be 
assured of the same excellent pre- and 
post-sales support that has made Micro- 
Way the world leader in PC numerics 
and high performance PC upgrades. 
For more information, please call the 
Technical Support Department at 
617-746-7341 

After July 1988 call 508-746-7341 




mW1167 Numeric 
Coprocessor Board 


MicroWay 
80386 Support 


MicroWay 80386 Compilers 

NDP Fortran-386 and NDP C-386 are globally 
optimizing 80386 native code compilers that 
support a number of Numeric Data Processors, 
including the80287,80387 and mW1167. They 
generate mainframe quality optimized code and 
are syntactically and operationally compatible to 
the Berkeley 4.2 Unix f77 and PCC compilers. 
MS-DOS specific extensions have been added 
where necessary to make it easy to port pro¬ 
grams written with Microsoft C or Fortran and 
R/M Fortran. 

The compilers are presently available in two 
formats: Microport Unix 5.3 or MS-DOS as ex¬ 
tended by the Phar Lap Tools. MicroWay will port 
them to other 80386 operating systems such as 
OS/2 as the need arises and as 80386 versions 
become available. 

The key to addressing more than 640 kbytes 
Is the use of 32-bit integers to address arrays. 
NDP Fortran-386 generates 32-bit code which 
executes 3 to 8 times faster than the current 
generation of 16-bit compilers. There are three 
elements each of which contributes a factor of 2 
to this speed increase: very efficient use of 
80386 registers to store 32-bit entities, the use of 
inline 32-bit arithmetic instead of library calls, 
and a doubling in the effective utilization of the 
system data bus. 

An example of the benefit of excellent code is a 
32-bit matrix multiply. In this benchmark an NDP 
Fortran-386 program is run against the same 
program compiled with a 16-blt Fortran. Both 
programs were run on the same 80386 system. 
However, the 32-blt code ran 7.5 times faster 
than the 16-bit code, and 58.5 times faster than 
the 16-blt code executing on an IBM PC. 

NDP FORTRAN-386^^.$595 

NDP C-386^^.$595 


Micro 

Way 


MicroWay Numerics 

The mW1167'*' is a MicroWay designed high 
speed numeric coprocessor that works with the 
80386. It plugs into a 121 pin “Weitek” socket 
that is actually a superset of the 80387. This soc¬ 
ket is available on a number of motherboards 
and accelerators including the AT&T 6386, 
Tandy 4000, Compaq 386/20, Hewlett Packard 
RS/20 and MicroWay Number Smasher 386. It 
combines the 64-bit Weitek 1163/64 floating 
point multiplier/adder with a Weitek/Intel de¬ 
signed “glue chip”. The mW1167^*' runs at 3.6 
MegaWhetstones (compiled with NDP Fortran- 
386) which Is a factor of 16 faster than an AT and 
2 to 4 times faster than an 80387. 

mW1167 16MHz.$1495 

mW1167 20 MHz.$1995 

Monoputer"*' - The INMOS T800-20 Trans¬ 
puter is a 32-bit computer on a chip that features 
a built-in floating point coprocessor. The T800 
can be used to build arbitrarily large parallel pro¬ 
cessing machines. The Monoputer comes with 
either the 20 MHz T800 or the T414 (a T800 
without the NDP) and includes 2 megabytes of 
processor memory. Transputer language sup¬ 
port from MicroWay Includes Occam, C, Fortran, 
Pascal and Prolog. 

Monoputer T414-20 with 2 meg^ .. .$1495 
Monoputer T800-20 with 2 meg^ .. .$1995 

Quadputer'"' can be purchased with 2, 3 or 4 
transputers each of which has 1 or 4 megabytes 
of memory. Quadputers can be cabled together 
to build arbitrarily fast parallel processing 
systems that are as fast or faster than today’s 
mainframes. A single T800 Is as fast as an 
80386/mW1167 combination! 
Biputer^^T800/T414with2meg'... .$3495 
Quadputer 4 T414-20 with 4 meg^ .. .$6CXX) 
^ Includes Occam 


80386 Multi-User Solutions 

AT8^*' - This intelligent serial controller series is 
designed to handle 4 to 16 users in a Xenix or 
Unix environment with as little as 3% degrada¬ 
tion in speed. It has been tested and approved by 
Compaq, Intel, NCR, Zenith, and the Department 
of Defense for use in high performance 80286 
and 80386 Xenix or Unix based multi-user 
systems. 

AT4 - 4 users.$795 

ATS - 8 users.$995 

AT16-16 users.$1295 

Phar Lap'*' created the first tools that make it 
possible to develop 80386 applications which 
mn under MS-DOS yet take advantage of the full 
power of the 80386. These include an 80386 
monitor/loader that runs the 80386 In protected 
linear address mode, an assembler, linker and 
debugger. These tools are required for the MS- 
DOS version of the MicroWay NDP Compilers. 
Phar Lap Tools.$495 

PC/AT ACCELERATORS 

287Turbo-10 10 MHz.$450 

287Turbo-12 12 MHz.$550 

287TurboPlus-12 12 MHz.$629 

FASTCACHE-286 9 MHz.$299 

FASTCACHE-286 12 MHz.$399 

SUPERCACHE-286 .$499 

MATH COPROCESSORS 

80387-20 20 MHz.$795 

80387-16 16 MHz.$495 

80287-10 10 MHz.$349 

80287-8 8 MHz.$259 

80287-6 6 MHz.$179 

8087-2 8 MHz.$154 

8087 5 MHz.$99 


The World Leader in PC Numerics 


P.O. Box 79, Kingston, Mass. 02364 USA (617) 746-7341 
32 High St, Kingston-Upon-Thames, U.K., 01-541-5466 
St Leonards, NSW, Australia 02-439-8400 




























TECH MARKETPLACE 

THE COMPREHENSIVE GUIDE TO PRODUCTS AND SERVICES FOR THE MS DOS MARKET 


PRODUCT CATEGORIES 


HARDWARE 165, 166 


ACCESSORY CARDS.165 

COMMUNICATIONS.165 

COMPATIBLES.165, 166 


COOLING DEVICES 

GENERAL . 

MASS STORAGE.. 


PERIPHERALS.166 

SECURITY DEVICES. 

USED EQUIPMENT. 

SOFTWARE 166-172 

ARTIFICIAL INTELLIGENCE. 

BUSINESS.166 

COMMUNICATIONS.166 

DATA BASE MANAGEMENT.166 


DESK TOP PUBLISHING 

EDUCATIONAL. 

ENGINEERING. 

EXPERT SYSTEMS. 

FINANCIAL. 

GENERAL. 


GRAPHICS.166, 167 

LANGUAGES.167 

MULTI/USER SYSTEMS. 

NETWORKING.167 

OPERATING SYSTEMS.167 

PROGRAMMERS TOOLS. 167, 168, 

169, 170 


SOFTWARE continued 

PUBLIC DOMAIN.170 

SCIENTIFIC.170 

SECURITY DEVICES.170, 171 

STATISTICS. 

TERMINAL EMULATION.171 

UTILITIES.171, 172 

WORD PROCESSING. 

MISCELLANEOUS 172-173 


ACCESSORIES. 

BAR CODING.172, 173 

BUSINESS OPPORTUNITIES.173 

CAREER OPPORTUNITIES. 

COMPUTER INSURANCE.173 

DATA CONVERSION.173 

PUBLICATIONS.173 

SOFTWARE DUPLICATION.173 

SUPPLIES.173 


Advertising Rates and Information: 

PC Tech Journal Miarketplace 

PC Tech Journal Marketplace is a special 
economical section for product and service 
listings. 

Listings are grouped by category and sold by 
column inches. Second color option 
available. 

Standard Directory Listings are also available 
for a minimum of 3 issues at $220.00 per is¬ 
sue ($660 total). 

For additional information 
call 212-503-5115. 


PC Tech Journal Classified Advertising Staff 
One Park Avenue, New York, NY 10016 
(212) 503-5115 


Ariane R. Casey, Account Representative 
(212) 503-5172 

WA, HI, AZ, MT, NV, ID, ALL CALIF, NM, UT, CO, 
OR, WY 


Advertising Director 
Kathryn J. Cumberlander 
Sales Manager 
Kathleen F. Lyman 


Sr. Advertising Coordinator 
Monica Dixon 
Production Manager 
Anne R. Brockinton 


Lee Uniacke, Account Representative 

AK, AL, AR, DC, DE, FC, FL, GA, lA, IL, IN, KS, 

KY, LA, MD, MI, MN, MO, MS, NB, NC, ND, NJ, OH, 
OK, PA, SC, SD, TN, TX, VA, WI, WV 

Robert Foody, Account Representative 
CAN, CT, MA, ME, NH, NY, RI, VT 
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HARDWARE/ACCESSORY CARDS—COMPATIBLES 

TECH MARKETPLACE 

THE COMPREHENSIVE GUIDE TO PRODUCTS AND SERVICES FOR THE MS DOS MARKET 


Hardware Communications Compatibles 


Accessory Cards 



bigmMuth 


Digital Recording & Phone Interface 
for your PC. XT, AT. 386 or Compatible 

PROGRAMMER’S 

TOOLKIT 

♦VOICE MAIL SYSTEM 

-Applications 

♦TELEMARKETING 

-Inbound & Outbound 
Applications 

♦VOICEPAD^- 

- Voice for your Programs 

Phone-Voice 
Toolkit Package $339 
SB Toolkit Package 

plus Interpreter $399 

w/ 'k card, software, & speaker 

(415) 652-9600 

Talking Technology, Inc. 

4383 Piedmont Ave. Suite B 
Oakland. CA 94611 


CIRCLE 265 ON READER SERVICE CARD 


72 DIGITAL I/O 

FOR PS/2 



MODELS 50, 60, 80 


• Parallel Expansion 

• 72 I/O Lines 

• Address Selectable 

1-800-553-1170 



QUA TECH 

INCORPORATED 


478 E. Exchange St., Akron, OH 44304 
TEL: (216) 434-3154 FAX: (216) 434-1409 
TLX: 5101012726 


CIRCLE 266 ON READER SERVICE CARD 


PC TECH JOURNAL 
MARKETPLACE is a 
special economical 
section for product and 
service listings. 

Listings are grouped by 
category and sold by 
column inches. 

Second color option 
available. 

Standard Directory 
Listings are also available 
for a minimum of 3 issues 
at $220 per issue 
($660 total). 


PCSS-8X MULTIPORT SERIAL BOARD 

—All Eight Ports Are DOS 
Compatible. 

-RS232, RS422,8 Port & 4 
Port Versions; Capable 
Of Simultaneous Opera¬ 
tion. 

— Enhanced INT 14H Bios 
Device Driver With Interrupt Driven Receive Queues And 
Automatic Handshaking. 

— Used In Real Time Event Driven Applications. 

Development Hardware & Software 
T C 1^® P.O.Box 2310 

I C IV .INC BaySt. Louis, MS39521-2310 

Order Toll Free 1-800-255-GTEK (4835) Fax: 1-601-467-0935 
Telex 315814 (GTEK UD) MS & Technical Support 1-601-467-8048 
CIRCLE 267 ON READER SERVICE CARD 



RS-422 

FOR PS/2 


Compatibles 


1988 best buy 


AT Bare Bones 

Case, Motherboard, 200 Watt 
Power Supply, Phoenix Bios 
10 MHZ $465 

12 MHZ $485 


XT Bare Bones 

Case, Motherboard, 150 Watt 
Power Supply, Phoenix Bios 
4.77 & 8 MHZ $180 

4.77 & 12 MHZ $230 

Min. Order - 3 ea. 


80386 Motherboard OK $1295 


512-467-2330 

ADVANCED MICRO TECHNOLOGY 

CIRCLE 271 ON READER SERVICE CARD 



MODELS 50, 60, 80 

• Two Channel 

• Transfers to 256 K baud 

• Address Selectable 

• Interrupt Selectable 

1-800-553-1170 



QUA TECH 

INCORPORATED 


478 E. Exchange St., Akron, OH 44304 
TEL: (216) 434-3154 FAX: (216) 434-1409 
TLX: 5101012726 

CIRCLE 268 ON READER SERVICE CARD 



Portable AT/386 

, HIGH CONTRAST ILLUMINATED DISPLAY 


W4|S ! C 


THIS IS ONE OF OUR PRODUCTS 
ASK FOR LATEST CATALOGUE 
MAXTPON (818)350-5707 
1825A Durfee Ave., S. El Monte. CA 91733 
.CIRCLE 269 ON READER SERVICE CARD 


WORLDWIDE SERVICES ELECTRONIC 
HOME SHOPPING SERVICE.! 


Dear Retailer, 

Great News!!!! 

Now you can sell your products to over 20 
million potential home personal computer 
users using our Electronic Home Shopping 
Network- 

Nationwide!!!!! 

Personal Computer Owners beginning in June 
will be able to access our Network Free!!! to 
purchase products of all types. No $5.00 per 
hour charge, plus registration fees. Just buy, 
buy, and buy. 24 hrs. a day 7 days a week, all 
from the comfort of their home. 

Act Now!!!! 

Space i.s Short. *No upfront costs! 

■"A 5% fee is added to each item ordered. 

Call now!!! 

1-800-228-0640 

Worldwide Ser\'ices 
6925 Union Park Suite 300 
Salt Lake City Utah 

Dear Advertiser 

Great News !!! 

Now you can advertise your 
clients products to over 20 
million potential customer 
Nationwide on our Electronic 
Home — 


shopping service. Also thru 
our Customer Access Ma¬ 
chines. 24 hrs. a day seven 
days a week. No cost for use 
by user. Just buy, buy. 

Nationwide!!!! 

Space is short 

Cost is $149.95 per Screen 

Regularly $.395.95 per screen 

Send Ad Copy and Check to: 

Worldwide Sen’ices 
6925 Union Park Suite 300 
Salt Lake City, Utah H4047 

or Cali 1-800-228-0640 

Electronic Mail Boxes arc available for 
$5.00 per month. (Subject to change). 

Direct Hook-up to retailer site i.s available 
for a one time charge of $700.00. Refundable 
otherwise all orders arc delivered to retailer, 
by modem or carrier. Data on products are 
supplied by retailer or agency. 

Coming Soon !!!!!!!!!! 

Health Care and Life Insurance, Hotel find¬ 
er, News and Financial services. Automobiles, 
leasing, travelers checks, travel. Restaurant 
finder all available thru your home, pc or from 
one of our Electronic Shopping Centers in a 
mall nearest you. 


Call 1-800-228-0640 for more info. 


CIRCLE 270 ON READER SERVICE CARD 


TECH MARKETPLACE 

HOME OF THE 
POWER BUYER 


To Place Your Ad 

Call (201) 503-5115 


JUNE 1988 
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HARDWARE/COMPATIBLES—SOFTWARE/GRAPHICS 


TECH MARKETPLACE 

THE COMPREHENSIVE GUIDE TO PRODUCTS AND SERVICES FOR THE MS DOS MARKET 


Compatibles Peripherals Communications 


OLYMPIAN DISCOUNTS! 


TURBO XT BASIC SYSTEM 

• 4.77/8 MHZ W/PHOENIX BIOS 

• 256K RAM EXPANDABLE 

TO 640K ^500A' 

• AT STYLE KEYBOARD ^ ' 

• XT CASE w/150 WATT PS 

• 360K FLOPPY W/CONTROLLER 

• 10 MHZ OPTIONAL.ADD $15.00 

AS ABOVE W/MONO. MONITOR 

& MONOGRAPHICS CARD ....$439.00 

• 1 YEAR LIMITED WARRANTY 


TURBO AT BASIC SYSTEM...$824.00 

1200B INTERNAL MODEM.$69.00 

VORTEX EGA CARD (640*350) ..$99.00 

ATI EGA CARD (800*600).$189.00 

SEAGATE 20MB HD 
W/CONTROLLER.$265.00 


CALL FOR FULL PRODUCT LINE 
Quantity Discounts Available 


OLYMPIA MANUFACTURING, INC. 


800 - 527-0806 

CIRCLE 272 ON READER SERVICE CARD 


Peripherals 


9-Track Tape 
Subsystem 



MINISTREAMER™ 

Now you can exchange data files 
between your IBM PC/XT/AT 
and any mainframe or mini¬ 
computer using IBM compatible 
1600 BPI 9-Track tape. Unit 
can also be used for disk backup. 
Transfer rate is up to 4 megabytes 
p)er minute on PCs and compat¬ 
ibles, Subsystems include 7" or 
10 Vi streaming tape drive, tape 
coupler card and DOS or XENIX 
compatible software. 

Prices start at $2,995. 

nUHLSJHR] 

9621 Irondale Avenue 
Chatsworth, CA 91311 
Telephone: (818) 882-5822 

CIRCLE 275 ON READER SERVICE CARD 


We asked our customers 
to tell us who had 
LOWER PRICES 
than we do. 

They told us! 

We lead the industry both in 
price and quality in V 2 ” 9-track 
tape drive subsystems to transfer 
information between mainframes 
and PC/XT/AT, PS2. 

• EBCDIC-ASCII Conversion 

• Tape backup/volume data stg. 

• Speeds up to 7 Meg/min. 

• Select & reject specific fields 

• 800/1600/6250 BPI 

• Drives from Anritsu. Cipher. 
Qualstar and M4 Data 

Dealer & Volume Discounts 

f FLAGSTAFF 
_ENGINEERING 

1120 Kaibab Lane • Flagstaff. AZ 86001 
(602) 779-3341 • Telex 705609 
FAX (602) 779-5998 

CIRCLE 276 ON READER SERVICE CARD 


CLEAR, CLEAN, 

•^IQI 



SPEECH THING " 

For all PCs, compatibles, laptops 


P ' -I UIQITIZED SPEECH & 

0 MUSIC, UNLIMITED 
TEXT-TO-SPEECH 
Attaches outside 

_ the computer. 

Now got popular speech technologies in ONE pro¬ 
duct! SF>eech Thing is a full-leotured 8 bit D/A sound 
converter. Easily attaches outside the computer-no 
slots required. Software includes prerecorded 
speech vocabularies, synthetic text to speech 
(speaks any ASCII text), demo programs, and com¬ 
plete editing features. Price only S69.95. Also 
available; Voice Master PC plug in board tor digital 
recording, editing, and VOICE RECOGNITION. (Re¬ 
quires Speech Thing tor sound output.) Only S79.95. 
Patented p>rice/perforrTK3nce breokthroughs! 

TO ORDER BY MAIL include S4 shipping & handling 
(S6 Canada, S12 overseas) per order. Visa, Master¬ 
Card phone orders accepted. 30 day money back 
guarantee, one year warranty. Other voice I/O sys¬ 
tems available for Apple. Commodore, and Atari 
computers. 


Call or write today lor FREE Product Catalog 

covox Inc. (503)342-1271 

675 Conger St.. Eugene. Oregon 97402 


FastTRAP^“ 


The pointing device of the future is here! 



• Two and three axis pointing capability 

• High resolution trackball for X and Y axis input 

• High resolution fingerwheel for Z axis input 

• Use with IBM® PC's. XT's. AT's and compatibles 

• Three input buttons 

• Full hardware emulation of Microsoft® Mouse 

• Standard RS-232 serial interface 

• Includes graphics drivers and menu generator 

• Easy installation 

• 1 year warranty 

• Made in the U.S.A. 


ONLY 

$149.00 

VISAarxt 

MasterCard 

accepted 


LTS/C Corp. 

319 South Limestone Street 
Lexington, Kentucky 40508 
(606) 233-4156 
(800) 872-7279 


3-D TRACKBALL FOR IBM 
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CREATE A DISKLESS PC! 

PC-ROMDRIVE allows users to create a “Diskless 
PC" capable of booting a ROM-resident copy of 
MS-DOS and/or user application programs. PC- 
ROMDRIVE consists of a PC-compatible ROM/ 
PROM expansion board and the PC-ROMDRIVE 
software. PC-ROMDRIVE is priced at $195 for 
single units. Quantity discounts and OEM ar¬ 
rangements available. MCA/ISA 
ALDIA SYSTEMS. Inc. 

P.O. Box 37634 
Phoenix. Az. 85069 
(602) 866-1786 


NOVELL NETWORKING PRODUCTS 

Workstations 286, 86 
3 station network $4500 and up 
Disk subsystems: 

• 109Mb-$1795:183Ml}-call: 244Mb-call 
Add-on drives for NDS-2. NDS-4 

• 109Mb^350:183Mb-$2650: 244Mb-call 
Call for other networking products. 
NETWORKING PRODUCTS. INC. 

114 West Stratford Avenue 
Lansdowne, PA 19050 
(215) 630-9746 


SPEECH SYNTHESIS 

SynPhonix: TRUE Unlimited Speech Synthesizer 
for IBM-PC/XT/AT/jr & compatibles. This low 
power short card includes an SSi263 speech chip, 
amplifier and speaker. Software includes Text-to- 
Speech, Phonetic Editor, Talking Clock & demos. 
Can be programmed with BASIC and other lan¬ 
guages. Prices start below $200. 

SvnPhonix 

Electronic Speech Articulator 

Artie Technologies 
55 Park St., Suite 2 
Troy. Ml 48083 
(313) 588-7370 


Software 


Business 


MILP88-MIXED INTEGER LP 

A powerful menu-driven system for solving 
mixed integer linear programs with up to 600 
constraints & 3000 variables. Solves prob¬ 
lems by the branch and bound method. 
Reads/writes Lotus worksheets. Features in¬ 
teractive & batch operation, spreadsheet style 
input and editing, a storage system tor prob¬ 
lems, sequential file input/output, a complete 
report generator. Req 192k. $149 with 8087 
support user’s guide. 

EASTERN SOFTWARE PRODUCTS. INC. 

POB 15328 
Alexandria, VA 22309 
703-360-7600 


DOS COM PORT DEVICE DRIVER 

Interrupt driven device driver used tor the COM 
ports on PC, AT & compatibles. With source 
code in Assembly & test program in C. Use 
instructions as open, close, read, write & iocti 
to access your COM port data. Load driver 
through config.sys at boot up. $39.95 with 
manual, s/h -i- $5.00. CA res. add $2.60 tax. 
HYTEC RESEARCH. INC. 

22324 Harbor Ridge Lane, #4 
Torrance. CA 90502 
(213) 320-4541 


Data Base 
Management 


RT-DBMS 

Real-Time Data Base 

Manager for Fortran 
applications 

EFFICIENT - Transfers 10,000 
re(X)rds/second (80286 & hard disk). 
ADVANCED - Customize data 
structures. Program object-oriented 
software. Use table driven methods. 
SIMPLISTIC - Data transfers use the 
Fortran "Common" Block storage. 
HELPFUL - RT-DBMS controls data 
typing, storage and "Common" blocks. 
FLEXIBLE - Break large software 
modules into small tasks, passing data 
via RT-DBMS. 

SUPPORTS - Microsoft, Ryan- 
McFarland and Lahey Fortran. 

"C" version available soon! 

Includes: 

Royalty Free Run-Time Manager 
Data Base Manager 
Data Base Editor 
Data Archiving Manager 

$145.00 includes shipping 
use VISA & MASTERCARD 

Ashley Software Engineering 
18219 228th Ave N.E. 
WoodInvIlle.WA 98072 
(206) 788-3768 
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Graphics 

3Smm SLIDE FROM YOUR PC 

COMPUTER SLIDE EXPRESS converts graphic 
tiles produced on the IBM PC into brilliant 35mm 
color slides with color resolution 400% better 
than your monitor. Leave your printouts behind. 
Use high resolution color slides up to 4000 line. 
COMPUTER SLIDE EXPRESS $9/slide. 
VISUAL HORIZONS 
180 Metro Park 
Rochester. NY 14623 
(716) 424-5300 
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Graphics 


HI 



Interactive Graphics & Statistics 

Create graphs the way you want 
them. 35 graph types can be used 
to create numerous renditions. 
Make posters and flow charts— 
with full screen editing of text. 

• Vary character font, size, 
position, color 

• Stack and overlay graphs 

• 3-Dimensional graphs: fishnet 
& contour 

• Linear & Non-Linear Regression 

• Stochastic Distribution 

• Independence Testing 

• Descriptive Statistics 


Contact: Scientific Programming 
Enterprises, P.O. Box 669, Haslett, 
MI 48840 (517) 339-9859 
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FORTRAN Graphics Libraries 

Now! 3 scientific graphics packages to support 
MS FORTRAN/Pascal, R-M or Lahey FOR¬ 
TRAN. GRAFMATIC (screen). PLOTMATIC 
(HPGL, H-l plotter) & PRINTMATIC (Laser & 
dot-matrix printer). All fully documented. Com¬ 
plete graphics primitives, 2-D plots, 3-D plots 
and solid models. $135 each, 2 for $240, all 3 
only $340. Call or write for info. 
Microcompatibles, Inc. 

301 Prelude Drive Dept. J 
Silver Spring, MD 20901 
(301) 593-0683 

FORTRAN Piotting 

Calcomp compatible plot subroutines for VGA, 
EGA, CGA, Hercules video and Epson printers 
at optimum resolution. Contour and 3D plots. 
13 character fonts. Libraries for MS and Lahey 
compilers. 160 page manual with examples. 
Only $200. Plotter or LaserJet driver $50 each. 
F and S Software 
7604 Peacock Drive 
Huntsville, Alabama 35802 
(205) 881-7144 

******ADULT SOFTWARE ****** 

Over 20 of the hottest disks available for the PC/ 
XT/AT/PS2. Animation, Games, Graphics. Vol¬ 
umes I & 2 are $11.95 each ppd. Volume 3 is 
$16.95 ppd. New M-Series Volumes Ml thru 
M7 $5 each ppd. Color or graphics card 
needed. Worlds largest exotic distributor. Must 
state & sign age is over 21.5-1/4 format. Add $1 
extra per volume for 3.5 format. 

A.O.S. 

P.O. Box 106 
Marion, CT 06444 


Languages 


Quick BASIC to C 

BAS_C translates Quick BASIC, BASICA and 
compiled BASIC to C automatically. Microsoft, 
Turbo, Lattice & Aztec C. All memory models 
are supported. The most beautiful, natural, 
structured, indented, scoped C code is gener¬ 
ated. $199/$375 
GOTOLESS CONVERSION 
P.O. Box 835910 
Richardson, TX 75083 
(214) 404-1404 


Networking 


Tech 

Marketplace... 

The comprehensive 
guide to products 
and services for 
the MS DOS market. 
To place your ad 
Call 

(212) 503-5115 


Networking 


PRINT BUFFER/SPOOLER 
utility. 4 serial & 3 parallel 
►orts. Local/remote control, 
'o 38400 BAUD. Forms merge. 
$59.95 (Foreign +$5) 

TRUE MULTI-TASKING toolbox 
for Turbo Pascal. Fast & Easy. 
Demand & Preempt. $89.95.t 

MULTI-PROCESSING toolbox 
for Turbo, (w/ NET BIOS supt) 
Modem/RS232 network. $149.95i 

t +$5 shipping (+$10 foreign) 
In Tx add Tax. VISA, M/C, COD 
For more info call or write: 


Conversational Coiputer Systeis 
5371 Verbena Rd 
{T San Antonio, Tx. 78240 
§ Ph: (512) 692-0353 
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NOVELL NETWORKING PRODUCTS 

When reliability and performance really count 
you can’t afford anything less than Novell. We 
offer quality Novell products and accessories, 
fast courteous service and competitive pricing 
for all your networking needs. Our experienced 
staff is waiting to serve you. Call today for 
information and quotes. 

BENEDEK ENTERPRISES 
Three Allegheny Court 
9th and Ohio 
Glass Port, Pa. 15045 
412-673-6800 




* MULTI USER / MULTI TASKING * 


PC-MOS/386 


UYSE 60 U/KEYBOARD 

500.00 

SINGLE USER 

160.00 

WYSE 99GT W/KEYBOARD 

600.00 

5 USER 

510.00 

AT GIZMO 

300.00 

25 USER 

910.00 

SERIAL BOARD 

470.00 

PC EMULINX 

160.00 

-^8 SERIAL BOARD 

570.00 



INTELLIGENT SER/BOARD 

640.00 

LANLINK (COMPLETE) 

•t-8 INTELLIGENT SER/BOARD 

840.00 

5.01 

410.00 

4 USER 286 NETWORK (COMPLETE) 6595.00 

5X 

525.00 

4 USER 386 NETWORK (COMPLETE) 

8795.00 



CALL FOR DETAILS 


BUS I NESS DEVELOPMENT SYSTEMS (800) 922-8147 or (919) 867-6799 

SHIPMENTS • 

■ 2ND DAY AIR / CASH / CASHIER’S CHECK 


DEALER INQUIRIES WELCOME 
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Run Novell 
Without Keycard 

Protect Novell Network 
From Keycard Failure 

Netsafe For 
2.1 $99 U.S. 

Other products for 
P-Cad, Cadkey, Cadvance 

VISA AMEX MASTERCARD 


Nasdec 


NASDEC (MB) INC. 

72 -125 Garry Street 
Winnipeg Manitoba, 
Canada R3C 3P2 
(204) 956-2798 


PC SLAVE/16* USERS 

ANNOUNCING— 

MULTI-MASTER 

100% Compatible With NTNX* 

* 695 “’,. 

—Only Ahemalive to PC SLAVE/16 '' 
—25% Fa.sicr—10 MlfZ-V20 Processor 
— I Year Warranty 

Call and ask about our special trial offer. 

213-534-8244 

ULTRATEK 

1251 W. Sepulveda #.M7 
Torrance. CA 90502 

*PC SLAVE/16, NTNX arc trademarks of 
Alloy Computer Products Inc. 
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KEYCARD 

ELIMINATOR 


NOVELL ADVANCED NETWARE® 
V2.0a 

jJ86, 286 nonded, SFT-1, SFT-2 

SLOTBOUND? 

FREE A SLOT IN 
VOUR FILESERVER' 



*99°® 


M/C^Visa 
orC'OD* 

CALL FOR DEALER PRICIN! 


(includes S & H) 


MBS 


NETWORK BUSINESS SYSTEMS 

1300 Woodhollow Drive. Suile 5601 
Houslon Texas 77057 
713-781-9268 (Sales. Tech Support) 

713-783-4457 (Administrative. Sales) 
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Operating Systems 



KADAK's 
engineers bring 
years of practical real-time 
experience to this mature 

MULTI-TASKING SYSTEM 

(version 2.0) 

for the IBM® PC, PC/XT and PC/AT 

■ No royalties 

■ IBM PC DOS® support 

■ C language support 

■ Preemptive scheduler 

■ Time slicing available 

■ Intertask message passing 

■ Dynamic operations: 

- task create/delete 

- task priorities 

- memory allocation 

■ Event Manager 

■ Semaphore Manager 

■ Source code of the 

C interface and device 
drivers is included 

Demo package $25 US Oh.pping/hananng e.lral 

Manual only $75 US aho aoambitlor 

AMX86 system $2195 US eoao. zao. eaooo 

AMXB6” opanlet on any 8086/88, 80186/88, 80286 tyalam. 

KADAK Products Ltd. 

206-1847 W. Broadway, Vancouver, 
B.C.. Canada V6J 1Y5 
^eM604H|34-2796^Telex^^ 
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Programmers Tools 


“Better Than Bricklin” 

Use the best prototype/demo system available 
today. Proteus makes it easy to create modular, 
fully-interactive presentations. Also draw pro¬ 
gram screens, forms and charts. Menu-driven, 
context-sensitive help, complete documenta¬ 
tion. 30-day guarantee. $99. VISA/MC/COD/PO. 
Helios Software 

P.O. Box 22869, Seattle, WA 98122 
(800) 634-9986 (206) 324-7208 
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TECH MARKETPLACE 

the comprehensive guide to products and services for the ms DOS MARKET 


Programme rs Tools 


SCREEN MANAGER 

For C, BASrC, FORTRAN, COBOL Programmers 


The Screen Generator ™ 

The Screen Generator offers professional screen 
management for creation of Window, Help, Menu, and 
Data Entry Screens for over 20 compilers. You create 
screens using SG's Screen Painter. All screen text and 
field information is stored in compact screen libraries. All 
Screen Display and Data Entry functions are controlled 
from within your program. SG's function calls provide all 
the flexibility and speed you'll ever need for screen 
display and block mode or field level data entry. The 
Screen Generator includes: The Screen Painter/PrInt 
Utility, The Screen Manager, and 100 page User Guide. 

So give us a call! You'll be up and running in no time, while 
our 60-day Money Back Guarantee eliminates ail the risk! 

The Screen Generator ™ — New Version 

C, BASIC, ASM & Turbo Pascal $79. 

FORTRAN or COBOL add $20. 

Demo Disk Available VISA/MC 

The West Chester Group 

P.O. Box 1304, West Chester, PA 19380 

V (215) 644-4206 J 
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HELP IS HERE. 


High quality libraries — 
that donH cost an arm and a leg! 

ScreenLib^” & DataLib™ 

Complete Source Code 
No Royalties 

Excellent screen manager and B-Tree manager. 

Good, clean source code in MASM and Microsoft C. 

ScreenLib features: Simple Screen Definition, 
Pop-up Menus, Context-sensetive Help, Windowing 
DataLib features: Data Dictionary, 

Consistent Interface, Fast Data Access 

Introductory Price: $69.95 each! 

Or save even more: Get both for only $129.95! 

To Order: 

Send i^ayment to: VISA or MC orders: 

Business Computer Services (^13) 836-5026 

1800 S. Robertson, Ste. 206 In California, 

Los Angeles, CA 90035 please add sales tax. 

MASM and Microsoft C are trademarks of Microsoft Corporation. 
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FIRMWARE DEVELOPMENT 



LINK & LOCATE enables PC users to produce ROM-based 
firmware for 8086/87/186 from object files generated by 
popular C compilers, such as from Microsoft, Lattice and 
Borland’s Turbo C, and MASM from Microsoft, Provides full 
control of segment placement anywhere in memory. Sup¬ 
ports output of Intel HEX file for PROM programmers, Intel 
OMF absolute object file for symbolic debuggers and In- 
circuit emulators. Includes Intel compatible linker, locator, 
librarian, hex formatter and cross reference generator. $350. 

NEW! Includes utility to support PC based PROM 
programmers. 


SYSTEMS S 
SU SOFTWARE! 

3303 Harbor Blvd., C11, Costa Mesa, CA 92626 

Phone (714) 241-8650 FAX (714) 241-0377 TWX 910-695-0125 
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ROM DEVELOPMENT TOOLS 


Link MS-DOS and Intel object files to ROMable code. GeneLink 
permits independent placement of each program segment for 
complete flexibility in memory layout. GeneLink links directly 
from object files to HEX or other formats, and is five to ten times 
faster than other locating tools. 

Genesis has been a major supplier of ROM development 
tools to major industrial customers like IBM and Boeing for over 
five years. You can count on Genesis to provide reliable, fast 
tools and excellent support. 

Genesis Microsystems Corporation 
Genesis Castro St., Mountain View, CA 94041 
Microsystems Call: (415) 964-9001; TX: 4998093 GENMS Ul 
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Put Workstation-Quality Graphics in Your PC User Interfaces 

SKYLIGHTStTn lets you have windowing user interfaces without buying graphics hardware. If you have 
graphics hardware, it lets you have high-resolution, workstation-quality graphics — far beyond WINDOWS. 

- SKYLIGHTS - 

• Unlimited look and feels. • Reduces system development time by 50% or 

• Easy prototyping of screen designs. 

• Supports mice, lightpens, trackballs, digitizers, tablets, * Interactive screen building ~ no coding 
Hercules, CGA, EGA, VGA. Tecmar, TARGA-16, major C necessary. 

compilers, all IBM and compatible PCs and PS/2 models. • Import screens from CAD applications, paint 

programs and prototypers. 

Character-mode only, $295. With graphics, $750. For more information or a demo disc contact: 
"SKYLIGHTS paid for itself in the first week. All the other interface Ergosyst Associates, Inc. 
development tools out there are just toys compared to 910 Massachusetts St., Suite 602PCT 

SKYLIGHTS." Jerald Feinstein, Vice-Pres, PLS/ICF, Wash. DC. Lawrence. KS 66044 (913) 842-7334 
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products and services for the ms dos market _ 


Programmers Tools 


Attn: Systems Developers ... 



... dynamically link exact terminal emulation to 
your existing software. Every keystroke, every video 
presentation, every printer function is reproduced 
exactly. Written in assembler, it conserves memory and 
delivers unparalleled performance. 

Add Terminal Emulation to: 

• Communications Software 

• TCP/IP & X.25 Gateways, etc. 

• LAN Environments 

• INT 14 Communications Redirectors 

• Custom Applications 

Migrate your host software to micros . . . 

. . . without modifying keyboard and screen handling code. 
Application programs read the PC keyboard and write the 
PC screen, through Add-a-terminal®, just like the real 
terminal. 

Over 50 Terminal Emulations to choose! 
Including: DEC, Data General, ADDS, Datapoint, 
Hazeltine, Hewlett-Packard, Honeywell, IBM, Lear-Siegler, 
Perkin-Elmer, Prime, Televideo, TI, Wyse, and More. 
Custom emulations available. 

ECONOMICAL VOLUME A BUNDLING PRICING AVAILABLE! 

1-800-225-8590 

SanHONICS 719 / 593-9540 fax: 719/548-1878 TELEX: 450236 
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One-stop ROM Shop 


When your application calls for ROM support, 
contact the professionals at ALDIA SYSTEMS. 
We’ve been supporting firmware developers for 
over two years with excellent software develop¬ 
ment tools and technical support. Doni settle 
for imitations, call the company who brought you 
PC-LOCATE, the original PC locator. 


PC-LOCATE: Produce ROM-able code from 
your ".EXE" files. PC-LOCATE assigns physical 
addresses to the re-locatable image based on 
user inputs. PC-LOCATE support the entire Intel 
processor family including : 8086. 8088. 80186. 
80188 and 80286. 

PC-PROMPAK: A PROM/ROM expansion 
board for IBM and IBM-compatible conputers. 
PC-PROMPAK provides up to 384Kbytes of 
non-volatile expansion memory and supports 
most 28-pin JEDEC devices including EPROMS. 
EEPROMS and Static RAMs. 

PC-ROMDRIVE: Create a "Diskless PC" that 
can include MS-DOS and your application pro¬ 
gram. "Autoexec.bat" files are supported for 
automatic program execution. 



for Version Control 

PC Tech Journal says... 
0:41 

^ ) 0:09 

SRMS'''3.2 PVCS™ TLIB’“3.0 TLIB"4.0 


Times are to update a 45K library on a PC/XT. PVCS and TUB 3.0 are 
(rom Sept 87 PC Tech Journai. SRMS and TLIB 4.0 are later versions. 


TLIB™ is PyiSTEST/ 


“TLIB is a great system" PC Tech Journal, March 88 
“TLIB...has my highest recommendation." Ronny 
Richardson, Computer Shopper, August 87 
“If you’ve been putting off getting a revision control 
system, you no longer have an excuse." The C 
Users Journal, February 88 

• A Full-Featured System for Software Professionals 
Branching, for parallel development. Check-in/out locking, 
Keywords. Wildcard and list-of-file support; creates lists by 
scanning source code for includes. Can merge (reconcile) 
multiple simultaneous changes and undo intermediate 
revisions. Network and IBM 3363 optical disk support. 

MS-DOS 2.x & 3.x Just $99.95 + $5 S/h Visa/MC 
5 station LAN license $299.95 + $5 s/h 
call for pricing on other network sizes 

BURTON SYSTEMS SOFTWARE 

PO Box 4156, Caiv, NC 27519 (919) 469-3068 


C Sv MASM — DOS Sv OS/2 


VersiMAKE™ 

A full-featured MAKE utility that derives 
your system’s dependencies through 
analysis of your C & MASM source files. No 
more MAKE dependency files to maintain! 


VersiCREF™ 

A unique utility that creates a sorted Master 
Cross-Reference of your entire system. 
Handles 100+ C and MASM source files. 
Full X-Ref or just PUBLIC symbols. 


VersiMAKE^M 

VersiCREpTM 

Both 


$125 

$75 

$150 


800-334-4096 

(In NJ, 609-871-0202) 
MCA/ISA/AMEX 


Free 

Demo 

Disk 


SUMMIT INFORMATION SYSTEMS, INC. 

73 East Lane, Willingboro, NJ 08046 circle 293 ON reader SERVICE card 


l ~ —I 


SOURCERr. 


Create detailed commented source code and 
listings from memory, .COM files or .EXE 
files directly suitable for assembly. Built in 
data analyzer and simulator resolves multi¬ 
ple data segments and provides detailed 
comments on interrupts and subfunctions, 
I/O ports and much more. 


BIOS SOURCE 


PS/2 ■ AT ■ XT ■ PC ■ Clones 

The bios pre-processor to SOURCER,«pro¬ 
vides the first means to obtain accurate legal 
source listings for any bios! Identifies entry 
points with full explanations. Provides highly 
descriptive data l^ls such as “video_mode" 
and much more. 


SOURCER $ 99.95 

SOURCER w/BIOS Pre-Processor $139.95 


To order or receive information just call! 
800-538-8157 x 811 800-672-3470 x 811 

(outside Calif.) (inside Calif.) 

V COMMUNICATIONS 

3031 Tisch Way. Suite 200, Dept. Tj 
San lose, CA 95128 • (408) 296-4224 

PS/2, AT, XT, PC are trademarks of IBM Corp. 

CIRCLE 294 ON READER SERVICE CARD 


Intelligent Front End™ 
Dataplex 1 .0® $149 


New BREAKTHROUGH data 

entry and file conversion S/W - 

PC/XT/AT &full compatibles. 

• Super-fast keyboard data 
entry to any destination 

• Automatic field formatting and 
extensive validation 

• No programming involved. 
Eliminates screen input forms! 

• Consistent access = savings 

• Converts with intelligent filter¬ 
ing dBASE, 123, ASCII, PA¬ 
RADOX, EBCDIC, DIF, SC4, 
FW II, ENABLE. & more! 

Tools & Techniques Inc. 512-482-0824 
1620 W 12th St.. Austin. TX 78703 

800 - 444 - 1945 

_ MC/VISA/COD/PO _ 
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TURBO WINDOW TOOLBOX 

A complete windows programming environment 
for Turbo Pascal. Popup windows, pulldown 
menus & messages, virtual screens and a multi¬ 
window WordStar-like editor. Animated resizing, 
moving, horizontal & vertical scrolling with blind¬ 
ing speed. Optional mouse. All source code and a 
90-1- pp. manual provided. 

Turbosoft 
369 6 Avenue 
Brooklyn. N.Y. 11215 

(718) 965-9729/No royalties $50 checks only 



Affordable CASE 

A new concept in Computer Aided Software 
Engineering for developing PC/DOS applica¬ 
tions! C Dispatcher generates fast, efficient C 
code for command and menu driven app’s. 
Develop, document, and change easily. Many 
features. For many compilers. 

Amaryllis, Inc. 

563 Wattaquadoc Road 
Bolton, MA 01740 
(617) 365-5456 


PASCAL-TO-C TRANSLATOR 

Convert to UNIX and DS/2 using our 98% 
automatic translation tools: units, strings, de¬ 
nesting, all types, modules, I/D. The most 
complete translators tor Turbo, MT -i-, Micro¬ 
soft, UCSD, Apollo, Macintosh, others. Indus¬ 
trial strength licensing from $7,500 includes 
technical support, source code libraries, and 
IBM PC/AT executables. 

(503) 745-7476 or 5880 
TGL, INC. 
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Programmers Tools 

— 



TURBO PASCAL 4.0 Units 

Control MS mouse from Pascal. On screen 
mouse cursor builder included. $39.95 
Interface to dBase ll/lll. DBF files. Query, ap¬ 
pend & update; multiple tables & virtual fields. 
$74.95 Both for $99. $2.50 s -H h per order. 
Money order, cashiers or personal check. 
Publishing Support Services 
9222 NE139St. 

Kirkland. WA 98034 
206-998-0035 


Public Domain 


PROGRAMMER’S CHOICE! 

Don’t look any further for quality public domain 
& shareware programming utilities. The Com¬ 
plete Basic, or The Complete Pascal set. each 
contain 5 disks packed with the most popular 
and useful utilities to date. Each set, Pascal or 
Basic just $12.95 plus $2 shipping. N.J. resi¬ 
dents add $.79 tax. Make Check or Money 
Order payable to: 

Brimstone 
P.O. Box 1653 

South Hackensack, N.J. 0760.6. 


SciENTinC 


SCI/ENG GRAPHICS 

OMNIPLOT [S] (screen graphics) & OMNIPLOT 
[P] (plotter driver) provide integrated engineering/ 
scientific 2-D & 3-D graphics with NO PRO¬ 
GRAMMING! Menu-driven, flexible, professional. 
Choice of formats: tabular/line, contour, bar, pie, 
3-D wire frame & much more! OMNIPLOT [S] 
$195. Add OMNIPLOT [P], both $295. 
MICROCOMPATIBLES. INC. 

301 Prelude Dr. Dept. J 
Silver Spring, MD 20901 
(301) 593-0683 


Tech Marketplace 

The home 
of the 

Power Buyer 


ACCESS 


• Screen Design 

• Remote Support 

• Interrupt Driven Async 

• Application Security 
Intenaces to C. Basic, Pascal, 
Assembler, Cobol. Condensed 
screens. No Royalties. 

Guaranteed satisfaction. 
$245. VISA/MC/COD 
Trilobyte Software Systems 
295 hos Angeles Blvd. 

San Anselmo, CA 94960 
(415) 457-3431 
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SciENTinc 


8087 FFT/VECTOR PROCESSING 

The VECT0R87 library is written in assembler, 
includes 60 routines to speed up your number¬ 
crunching programs. Uses 80 (2) 87 exten¬ 
sively. PC IK real FFT takes only 1.2 sec. 
Includes source code, single/double precision, 
supports major C/Fortran/Pascal compilers. 
Price $150. No royalties. Write for technical 
information. 

VECTORPLEX Data Systems Ltd. 

136 Maitland Place N.E. 

Calgary, Alberta, Canada T2A 5V5 
(403) 248-1250 


Security Devices 


ROM YOUR ‘.EXE’’ 


EXELOC v2.0 creates rommable files for 
8088/8086 based systems from MS-DOS ‘‘£XE’’ 
files. 

Version 2.0 allows full control of segment 
locations. 

Supports initialized data segments. 

Creates binary or INTEL HEX-ASCII files. 

Run EXELOC in batch or menu mode. 

EXELOC is what you need for: 

CASH REGISTERS 
ROBOTICS 

INDUSTRIAL CONTROLLERS 
BIOS DEVELOPMENT 
DISKLESS WORKSTATIONS 
... OR ANY FIRMWARE 
Very fast. 

Only $29.95 U5. plus $3 s/h. CHK/MO. 
VIRTUAL SOFTWARE 
150 Alton Towers Circle, Suite 605 
Scarborough, Ontario, Canada 

(416)754-0711 
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TECH 

MARKETPLACE... 

Standard directory 
listings available. 

To place your ad 

Call 

(212) 503-5115 


Security Devices 

BIT-LOCK® SECURITY 

Piracy SURVIVAL 5 YEARS proves effectiveness 
of powerful multilayered security. Rapid decryp¬ 
tion algorithms. Reliable/small port transparent 
security device. PARALLEL or SERIAL port. 
Countdown and timeout options also available. 
KEY-LOCK™ security at about Vi BIT-LOCK cost. 
MICROCOMPUTER APPLICATIONS 
7805 S. Windermere Circle 
Littleton, CO 80120 
(303) 922-6410 or 798-7683 


COMPLEX FILE I/O PROBLEMS? 

Heap 1/0: A C library that can allocate, free (In 
random order), read and write variable length 
blocks of storage in a file. Use it to implement 
VM swappers, editors, databases, and other 
systems that require complex, varying length 
disk 1/0. Microsoft C object $59.95. For source 
add $79.95. 

ROLAND ALDEN SYSTEM SOFTWARE 
One Pine Street, Suite 2509 
San Francisco, CA 94111 
(415) 397-9316 


Security Devices 


T he world's leading soft¬ 
ware manufacturers 
depend on Softguard copy 
protection systems. Your 
FREE DISKEHE introduces 
you to SuperLock'" - invisi¬ 
ble copy protection for 
IBM-PC (and compatibles) 
and Macintosh. 

• Hard disk support 
• No source code changes 
• Customized versions 
• LAN support 
• New upgrades available 

(408) 773-9680 

SOFTGUARD SYSTEMS INC. 

710 Lakeway, Suite 200 
Sunnyvale, California 94086 
FAX (408) 773-1405 


S8(TGUf)RD 
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*If your data is valuable, PROTEXT is priceless 


^IPROTEXT - 1) A unique and powerful software encryption .system which is designed to provide any business, govern¬ 
ment agency or individual with TOP security while retaining, receiving and transmitting private infor¬ 
mation. 2) Used to secure any channel of communication. 3) One of the mo.st powerful encryption 
systems available commercially. 

Specifications: 

• Coded data Exceeds Data Encryption Standard 

• No back-door entry. Cannot be reverse engineered. 

• Menu driven and u.ser friendly with on-line tutorial. 

• Each copy produced is unique and cannot decode another copy’s encryption. 

• Encrypts an estimated I20()0 characters a minute and decodes at 70,000 cpm. (Timed on AT type computer). 

• Offers aging and user audit trail. 

• Full Control over Encryption Keys! 

• Provides endless levels of security. 

• Authentication and Verification. 

• Glitch Detection/Removal. 

• Compatible to all software using ASCII data (90% commercial .software) 

• Compatible to all IBM/IBM compatibles. 

• Available for Apple/McIntosh May I, 1988. 

PROTEXT, the ultimate .security system, can be obtained for: 

$295. Retail * $249. Direct mail 

*For TOP security call PC IDEAL today at 1-800-634-5641 to order your copy of PROTEXT. In PA call 
(215) 430-8297 Visa/Mastercard Amex 
OR send check or money order to 

*PC IDEAL, Executive Suites, 650 Sentry Park, Suite I, Blue Bell, PA 19422. PA residents add 6% sales tax. 

*The final word in Data Security has been said, PROTEXT. 
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Security Devices Utblities 



PROTECTION 


Designed for user-transparency, clone 
compatibility & strength. It features; 

• no need for damaged media or 10 plugs 

• supports all Hard & Floppy disk formats 

• file-server networks supported 

• variable number of installs (0-99) 

• create demos with remote unlock option 

• allows protected upgrades by modem-BBS 

• limit program use by dale or count 
Sf95 Starter Kit or S495 with NO meter 
counts. Free info & demo disk available 

Az-Tech Software, Inc. 

305 East Franklin 
Richmond, MO 64085 
( 800 ) 227-0644 ( 816 ) 776-2700 
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Terminal Emulation 


BARR High-Performance 
RJE Workstations 


BARR/SNA RJE and BARR/ 
HASP are communications 
hardware/software packages for 
the IBM PC and PS/2 series of 
computers. 

Full featured: 

• multiple printers, 

• unattended operation, 

• print speed beyond 6,0001pm, 

• special forms, 

• line speed to 56,000 bps, 

• dial-up or dedicated lines, and 

• serve as a LAN gateway. 

BARR/SNA RJE emulates IBM 
3777-3 in an SNA environment. 
BARR/HASP emulates IBM 
3777-2 and HASP on the 360/20. 
BARR communications 
software is also available with 
PC-SYNC internal modems: 
208AB, 201C, 9600. 

Barr Systems, Inc. 
2830 NW 41 St. BldgM 
Gainesville, FL 32606 
800-BARRSYS or 
904-371-3050 
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EMRR 


MICROCACHE 
and SPEEDPRINT ^ 


See our product 
review in this issue! 

MICROCACHEmonitors disk use and 
"learns" to anticipate your data accesses. 
Then, by satisfying these requests directly 
from RAM instead of disk, your programs 
run as if they are SUPERCHARGED. 

• 100% Transparent Operation 

• Uses any spare RAM available 

• EMS/EEMS memory support 

• SPEEDPRINT'“ buffer option 

• Requires NO program changes 

• For IBM and compatibles 
$89.00 Reduced to $69.00 


Az-Tech Software, Inc. 

AZl 305 East Franklin 

Richmond, MO 64085 

(800) 227-0644... (816) 776-2700 
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Ammunition to conquer 
your biggest problems! 


without V-EMM 
(640 kilobytes) 



with V-EMM 
frSw nnegabytes) 




• The Virtual Expanded Memory Manager 
provides your EMS applications with up to 
eight megabytes of expanded memory. 

• It turns PC/AT or PS/2 ex¬ 
tended memory into expanded 
memory. 

• It turns hard disk storage into 
expanded memory. 

• It’s compatible with most EMS 
applications, including 1-2-3 
and Symphony. 

• Only $89.95. 30-day money-back guarantee. 


mmi 

EDITOR'S 

CHOICE 


V-EFm^^ 


Fort’s Software 
P. 0. Box 396 
Manhattan. KS 66502 
(913) 537-2897 
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COMPRESS 
VOUR DATA! 

ARC is considered the industry standard archive 
utility. It’s the file storage method used by 
PCTECHIine. And PC WEEK called it "A sophisticated 
and eminently useful product." 

ARC automatically compresses stored data so it 
takes up less space. And less mpdem transfer time. 
From 20% to 90% less, depending 

All program sources are 
included and it’s not copy 
protected. 

ARC 


System 

Enhancement 
Associates 

New Streel . WaMie. Neiv Jenin- 0T4T0-(3Ol) 473-515^ 
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d28c 0419 >move dx,ss 

Quaid Analyzer 

cc8b 041b move cx,sp 

Instruction Display 

fa 041d cli 


c88c 041e move ax,cs 


d08e 0420 move ss,ax 

dx ax 0000 0000 

0d60bc 0422 move sp,0d60 

ds:si bx 86c4:003e 085d 

0200c481 0425 add sp,0200 

es:di cx 86c4:0000 0a9a 

fb 0429 sti 

ss:sp bp 86c4:0946 00a2 

52 042a push dx 

data 09c2:0008 

51 042b push cx 

code 09c2:0419 

53 042c push bx 

cs:ip 09c2:0419 

51 042d push cx 

-oditsz.a.p.c 

30b4 042e move ah,30 

flags 0000001001000110 

21cd 0430 int DOScall 


Part of a Quaid Analyzer display 


Quaid Analyzer is a powerful diagnostic tool 
that shows what is going on inside your com¬ 
puter. The > at the top is the cursor. You can 
move it with the arrow keys. When you move the 
cursor off the screen, the instructions scroll like 
text in an editor. You can move the cursor into a 
register and change its value, or see the instruc¬ 
tions or data it points to. Of course, you can 
scroll through the data display as well, and type 
new values into memory. With Quaid Analyzer 
you never have to type a command. 

This example shows the first instructions executed when 
VDISK.SYS installs Itself. You can see that It changes stack 
pointers, then gets the DOS version number. We got to this 
point by loading Quaid Analyzer before DOS, then watch¬ 
ing the DOS call and disk interrupts until the driver was 
loaded, then putting a breakpoint on Its first Instruction. 
Drivers are installed before DOS gives you the first prompt. 
What other software tool can show you a device driver in¬ 
stall? 

Quaid Analyzer comes with a manual, and software on a 3 
inch and a 5 Inch diskette. If you are not satisfied with 
Quaid Analyzer, you can return it within 30 days for a re¬ 
fund. Quaid Analyzer Is not sold by dealers in the United 
States or Canada. It is not copy-protected. 

To order Quaid Analyzer, call us with your credit card, or 
send us a check for $200 US funds. We ship within a day at 
our expense. 

Quaid Software Limited 
Third Floor DeptT633 
45 Charles Street East 
Toronto Ontario Canada M4Y1S2 

(416) 961-8243 

Warning! For advanced programmers only. 
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Utdjties 


Compress Your Data 10X FASTER!! 


• PKARC & PKXARC can significantly INCREASE DISK STORAGE CAPACITY 
and reduce file transfer times! 

• PKARC & PKXARC can compress your files even smaller and up to 
TEN TIMES FASTER than the other ARChive program. 

• Data encryption capability too! Not copy protected. 

• “PKARC/PKXARC is the system to use.” -Dr. Dobbs Journal of Software Tools 

• “Lightning-fast”, INFOWORLD 

Only $45 + 3.50 s/h. Wl res. add 5% sales tax. DUl I 

7032 N. Ardara Ave., Glendale, Wl 53209 (414) 352-3670 l^llUIVlIlb IIKe 
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STILL RIVER SHELL, New Ver 2.44 

‘ELEGANT INTERFACE TO DOS Faster more 
powerful version of this popular DOS shell. 
Find, copy, move, delete files in a few key¬ 
strokes. ‘Tagging ‘Find on name and text ‘Full 
Tree ‘User defined commands and more. Unltd. 
site lie. $390. $39 complete with 160pp. man¬ 
ual. MCA/ISA. 90-Day No-Risk Guarantee. 

Bill White 
P. 0. Box 57 
Still River. MA 01467 
(617) 456-3699 



Hard Disk 
Partitioning 
Software 

Breaks the 
32 MB Barrier... 

EFFORTLESSLY! 


$79 


For PC-ATs, XTs, and compatibles. 

Creates multiple DOS partitions, 
up to 2,048 MB each. 

Supports ST412, RLL, ESDI and 
SCSI controllers. 

"SpeedStor software makes installation simple and 
painless...its user interface is a joy to work with." -PC week 

Recommended and used by major disk drive, 
controller, LAN and PC manufacturers. 

The industry standard: over 100,000 units sold. 


#- 


Now includes SpeedCache caching soft¬ 
ware and Disk Drive diagnostics ....FREE 


STORAGE 

DIMENSIONS 


The Experts in High Capacity PC Storage 


( 408 ) 395-2688 

981 University Ave. 
Los Gatos, CA 95030 
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Fix common problems fast! 


You don’t need to be an expert to diagnose and correct problems in¬ 
volving PC setup. All you need is HELRME™ software! More than 
300 tests. Quick identification of system configuration and com¬ 
patibility. $99 + S/H. MC/VISA. California Software Products, Inc., 
525 N. Cabrillo Park Drive, Santa Ana, CA 92701, (714) 973-0440. 
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AT’s DON’T NEED 360KB DRIVES 


The 1.2MB drive has long been known to READ but NOT reliably 
WRITE on 360KB floppies. With “CPYAT2PC” 1.2MB drives CAN 
reliably WRITE 360KB floppies saving a slot for a second hard 
disk or backup tape. “CPYAT2PC” (Not Copy Protected) offers 
the preferable SOFTWARE SOLUTION. 

• NO software or hardware modification 

• A 360K drive is NOT required 

• “CPYAT2PC” program MAY reside on hard disk 

• Runs on IBM PC/AT and COMPATIBLES 

i.e. Compaq Deskpro 286/386, AT&T 6300 + , 

HP Vectra, Sperry PC/IT, Tandy 3000 


Only $79.00 + $4.00 S/H VISA, MC, COD, UPS-B/R 
ORDER TOLL FREE 1-800-523-8777 

TELEX EZLINK 62873089 


VISA* 


Dealer Inquiries Invited 


-' MICROBRIDGE COMPUTERS 


655 Skyway #125 
San Carlos, CA 94070 
CA 415-593-8777 
NY 212-334-1858 


CIRCLE 386 ON READER SERVICE CARD 


DISK ACCELERATOR V2.0 

DiskCache speeds up your hard disk access. 
Disk caching and ram disk in one package. Ram 
disk shares cache space. Transparent, flexible, 
configurable, no h/w changes. RAM, EMS, and 
AT extended memory versions incl. Not copy 
protected. VISA. MC. volume discounts. No 
PO’s w/o prior approval. $49.00 
DATAMORPHICS LTD. 

P.O. Box 820 

Stittsville, Ontario. Canada KOA 3G0 
Or call (613) 831-0409 

An intelligent Hexdump 

VF lets you view, edit, and "debug” C, Pascal 
and BASIC data files. No more "HEXDUMPing" 
databases: VF converts int’s, long’s, floats, etc. 
into ASCII and displays fields with YOUR la¬ 
bels. You can search within fields and follow 
pointers between records. OS/2, MS-DOS 
compatible. $50.00 (TX residents $53.75). 
MetaMicro Library Systems. Inc. 

6011 Broadway, Suite 203 
San Antonio, Texas 78209 
(512) 829-7033 


Miscellaneous 


Bar Coding 


BAR CODE & 
MAGNETIC STRIPE 
READERS 

for the IBM PC & PS/2 

Simple & quick installation 
No additional software or port 
Metal wand & case 
Also available: 

Bar code printing software 
Magnetic stripe encoders 
Units for other computers 
& terminals 
GSA pricing available 

TPS ELECTRONICS 
4047 Transport Street 
Palo Alto, CA 94303 
Telephone: 415-856-6833 
Telex: (Graphnet) 371-9097 TPS PLA 
FAX: 415-856-3843 
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Bar Coding 


BAR CODES 
MADE EASY 



PERCON® E-Z-READER^^ 

FAST • ACCURATE • RUGGED 

NO SOFTWARE CHANGES with PC/ 
XT/AT and PS/2. AT&T 6300/7300. 
Wyse 30/60/85/PC/AT. Kimtron KT-7/ 
PC. Link PCTerm/MCI /MC3. TeleVideo 
PCSI/905/955 & DEC VT220 key¬ 
boards. multi-user RS-232 interfaces. 

• Immediate shipment 

• Free phone support 

• 2-year warranty 

• Bar code printing software 
available 

Details or Questions? Call us. 

( 503 ) 344-1189 

2190 W nth Ave.. Eugene. OR 97402 
A LEADER IN BAR CODE READER ENGINEERING 


PERCON’ 



BARCODE BARGAINS 


NEW • WANDERWANDtm 
BARCODE READER 

Think of everything you would ever want in a barcode 
reader and youll find it In the new ITS 5508 system? 
Programmable • Handheld, lightweight • Simple 
connection with standard RS 252 plug • Holds up to 
48.127 characters • Discriminates between label 
codes, time stamp labels • calculates and dumps scans 
• Wand included 

ITS 5306 - PC wand Barcode Reader. 

Emulates keyboard • ReadscodesUPC.Codabar.5of9. 
2 of Sinterleaved • works with IBM PC's and clones • 
Lowest cost • versatile, high quality! 

PCDOS-MSDOS Printing Software. 

Generate your own labels on your existing Matrix 
printer • call for details 


Intemalkxiai Technologies & Systems Corp. 

1950 WhHe Star Dr., Dlarnomi Bar, CA 91765 
PHONE: 1-<714)861-7977 • TELEX 6502824734 MCI 

QUARANTEED LOWEST PRICES T’^T^O 

IaJ Visa arn] MasieiCaraAcceptea ^ ^ 
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WHY PAY MORE $7-$95 

Bar Code Printing Software for PC, XT, AT, & 
Comp, w/printers w/Epson-IBM graphics emu¬ 
lation. Universal Bar Code Generator (Works 
with almost any program). Test disk $7. Small 
labels, large labels, Logmars, AIAG, dBASE, & 
subr. for Basic, Compilers, WP, Data Mgmt., 
etc. $25-$95. Bar Code readers $200-$900 
GORDON COMPANY 
20210 Laceyland 
Katy, Texas 77449 

TEL 713-578-5522, FAX 713-579-2160 


READ AND PRINT BAR CODES 

Fast, reliable data entry into your software as if 
from your keyboard. Internal unit for PC, XT, AT, 
PS/2-M30, RS-232 unit for DOS and non-DOS 
systems (including all PS/2). Stainless steel 
wands and laser interfaces. Powerful bar code 
and text printing software with formatting flex¬ 
ibility. 

Seagull Scientific Systems 
601 University Ave., Suite 150 
Sacramento, CA 95825 
(916) 386-1776 

Business 

Opportunities 


CASH FOR YOUR PROGRAMS 

No gimmicks. No fees. We don’t want YOUR 
money. We’ll pay YOU! We’re looking for a few 
ORIGINAL, well-structured PC/MS-DOS pro¬ 
grams to buy. All categories except educational 
and games. Here is your golden opportunity to 
cash in on your ideas. Write for submission 
agreement. Quick response. 

PRIME SOLUTIONS, INC. 

1940 GARNET AVE. 

SAN DIEGO, CA 92109 


Computer 

Insurance 



Insures your computer. Safeware 
provides full replacement of hardware, 
media, and purchased software. As little 
as $39 a year provides comprehensive 
coverage. With our blanket coverage, no 
lists of equipment are needed. One phone 
call does it all! Call 8am - 10pm ET 
Monday thru Friday. (Sat. 9 - 5) 
SAFEWARE, The Insurance Agency Inc. 
2929 N. High Street, P.O. Box 02211 
Columbus, Ohio 43202 
800-848-3469 National 
614-262-0559 Ohio 
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Data 

Conversion 

TAPeOISK CONVERSIONS 

Conversion services to or from over 1000 com¬ 
puter systems: 

• Magtapes 

• Micro Computers 

• Mini Computers 

• Word Processors 

• Typesetters 

Our conversion capabilities surpass most in the 
industry. 

PIVAR COMPUTING SERVICES, INC. 

165 Arlington Hgts. Rd. #T 
Buffalo Grove, IL 60089 
(312) 459-6010 


Publications Supplies 



Save Time and Money if 22 
Over 1000 Hard-to-find 
Hardware and Software 
Items ol Special 
Interest to Technical 
PC Users: * 


• RS 232/IEEE 488 Networks 

• Stepping & Servo 
Motor Controls 

• Ruggedized PC's 

• Rack Mig. 80286 & 80386 

• Laboratory Automation 

• 1MHZA/0 

• Digital Scopes to 200 MHZ 

• High Speed Bus Adapters 

• Wavelorm Synthesizers 

• Dataloggers 

• PC Bus Expansion Chassis 

• And Much More 


A How-lo-Handbook that 
enables you to configure the 
BEST products from the wortd's 
leading PC hardware and 
software vendors into risk free 
turn-key system solutions that 
meet your needs. 

Toll Free Hotline for application 
assistance and convenient one 
stop shopping at competitive 
prices. 100% Satisfaction i 
Guaranteed. 


Call or write for a FREE , 

handbook today! 

203-786-5151kS' P.O.Box 9565. New Haven, CT 06536 

(Q.-QO AM to 5:00 PM E.S.T) Fax: 203-766-5023 Telex: 9102501037 
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FIND THE WIDEST RANGE 
OF DP WORKSTATIONS, 
ACCESSORIES 
& SUPPLIES 
IN THIS FREE 
GLOBAL 
GUIDE 
DIAL 
1 - 800 - 8-1 


mSLOBAL 

COMPUTER SUPPLIES 

45 South Service Road, Plainview, NY 11803 
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Tech Marketplace 

The home 
of the 

Power Buyer 


Software Duplication 


“NEW” PRINTED 3.5" SHUTTERS^ 



SOFTWARE DUPLICATION/PACKAGING 


3.5" / 5.25" / HIGH DENSITY 


WEST COAST TELECOM 

CALL: (503) 620-1888 
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The Transterm 5 Terminal Computerwise, Inc.133 


MODEMS 

2400 etc. 

Smart Modem 9600 


ATI Technologies.42 & 43 

Hayes Microcomputer.48 


MICRO-MAIN FRAME/MINI COMMUNICATIONS 

Memory Attachmate.118 



LOCAL AREA NETWORKS 



199 

Ethernet 

AST Research. 

.64 

140 

LAN 

Businessland. 

.50 

109 

Net Commander 

Digital Products. 

.83 


AT8 

MicroWay. 

... 163 

158 

ARCnet Adapters 

Thomas Conrad Corp. 

.91 

129 

TOPS 

TOPS, Sun Microsystems Co.. 

. 12&13 


no 

177 

134 


167 

160 

170 


124 


127 

263 


OTHER COMMUNICATION HARDWARE 

Open Ender Board Digiboard, Inc.131 

ACL Board Stargate Technologies.158 

Fib. Op. Trans./Hub Concentrat. Versitron Inc.28 


COMMUNICATION SOFTWARE 

Crosstalk Crosstalk Comm.Back Cover 

PCTTCP FTP Software.132 

Nita Innovative Technology Inc.108 


SCIENTIFIC/ENGINEERING SOFTWARE 

Teamwork/PCSA Cadre Technologies Inc.145 


LANGUAGES 

Lahey Fortran 
Personal Rexx 
Pro Basic Intro 
“C” 

Fortran 


Lahey Computer Systems.132 

Mansfield Software.150 

Microsoft Corporation.80 

Microsoft Coiporation.Cover 2 

Microsoft Corportation.I4l 


203 

102 

119 

139 

113 
125 
123 
259 
106 
201 

155 
222 
233 

114 
183 
144 
198 

156 
130 
152 
215 
219 

132 

213 


211 


PROGRAMMER'S TOOLS 

PC Probe 
Turbo C Tools 
Vitamin C 
CTree, R-Tree 
ProBas 
Flowchart 
Epsilon 
Matrix 


“XQL” 

Soft-ICE 

Opt-Tech Sort, Scroll, Recall 
Programmer’s Tools 
CBTree 

The Norton Editor 
PVCS 

Seidl Make Utility/Version Mgr. 

C Worthy 

Brief 

“Keep Out” Slate System 
Perisct^e 

Thrbo Professional Analys 
Windows for Data 
UI Programmer 
Watcom C for IBM PC’s 


Atron.24 

Blaise Computing Inc.16 

Creative Programming.151 

FairCom.10 

Hammerly Computer Services ... 128 

HavenTree Software.120 

Lugaru Software..129 

Matrix.93 

Meta Ware.119 

Multi S^tem Development.154 

Novell Development Div.8 

Nu-Mega Technologies.95 

Opt-Tech Data Processing.4 

PC Brand.136-138 

Peacock Systems Inc.105 

Peter Norton Utilities.129 

Polytron Corp.38 

Seidl Computer Engineering.142 

Solution Systems.109 

Solution Systems.157 

Symmetry Groim.27 

The Periscope Company.5 

Tlirbo Power Software.20 

Vermont Creative.17 

Wallsoft ^sterns Inc.148 

Watcom Products, Inc.36 


SOFTWARE UTILITIES 

154 Sortex Systemat 


.29 


EXPERT SYSTEMS/AI SOFTWARE 

Guru Micro Data Base Systems.92 


GRAPHICS SOFTWARE 

107 Graphic & Vtek 


Scientific Endeavors Corp.96 


141 

161 

224 

♦ 

161 

♦ 

103 

136 

237 


253 

* 

174 

181 

137 

117 

169 


DATA MANAGEMENT SOFTWARE 

M^c PC Aker Corporation.26 

MDBS III Micro Data Base Systems.94 

Emerald Bay Migent.22 & 23 

Clipper Nantucket Corp.121 

Professional Oracle Oracle Corp.11 

Emerald Bay Programmer’s Shop. 22&23 

DB Vista, DB Query Raima Corp.41 

Quicksilver Wordtech Systems, Inc.66 

XDB XDB Systems Inc.146 

ZIM Zanthe.159 


OPERATING SYSTEMS 

OS/286 and OS/386 
OS/2 

MKS Tool Kit 

API Tools 

Xenix 

Venix 


OTHER SERVICES 


* The SAS System 

196 Lan Link 


131 

175 

173 

162 

128 


MAILORDER 

Televideo Products 
Mail Order 
Mail Order 
Mail Order 
Mail Order 
Software Products 


SECURITY DEVICES 

157 Software Sentinel 
189 The Block 


AI Architects.152 

Microsoft Corporation.53-56 

Mortice Kern Systems, Inc.117 

Quantum Software Systems.68 

Quarterdeck Office system .... 6 & 7 

Santa Cruz Operations.62 

Venturcom.18 


SAS Institute Inc.98 & 99 

Software Link.73 


Associates in Software.162 

Micro Way.163 

Programmer’s Connection.21 

Programmer’s Paradise.l6l 

Programmer’s Shop.14 

Saylors Softwarefirst.162 


Rainbow Technologies, Inc.149 

Software Security.143 
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PROFESSIONAL 

VIEWPOINT 

Graphics user interfaces mean more work for developers, 
but end-user benefits carry substantially more weight. 


S ay the words “graphics user inter¬ 
face” in a crowd of PC profession¬ 
als and several people will say 
such devices are too cute, inappropri¬ 
ate for power users, and too slow for 
serious business applications. 

Yet most PC Tech Journal readers 
responding to a recent poll (72 per¬ 
cent) say that graphics user interfaces 
are important for improving the appli¬ 
cations they are developing; 28 percent 
see no advantage. 

The contrast is due primarily to 
the different end-user audiences sup¬ 
ported by these groups. Those in favor 
of graphics interfaces want a standard 
developed at the outset and are aiming 
at a broad target audience that finds 
icons and visual organization appealing 
and useful. Opponents, on the other 
hand, target power users who believe 
that icons and menus get in the way. 

Supporters accept die added com¬ 
plexity and time required for develop¬ 
ment in exchange for a more palatable 
user environment, while critics resist 
learning new programming techniques, 
increasing development time and cost, 
and slowing execution. 

THE GOOD 

Major user benefits, say respondents, 
are ease of use, reduced training, fewer 
commands to remember, fewer errors, 
the ability to intermix pictures and text, 
application consistency, and lessened 
documentation dependency. 

Respondents also credit graphics 
user interfaces with giving users a bet¬ 
ter sense of where they are in a sys¬ 
tem; promoting interactivity among 
users; aiding comprehension, produc¬ 
tivity, and analysis; providing presenta¬ 
tion-quality graphics; and improving the 
visibility and impact of data changes. 

“The user is free to think about 
his own work, not the machine’s; and 
that’s what computing should be,” says 
Philip Cain, consultant. Applications 
Design Inc., Chicago, Illinois. 


Advantages cited for developers 
include ease in organizing applications 
and increased acceptance of PC applica¬ 
tions by a wider market. William Lee, 
owner and president, Evolute Design 
and Development, Los Aiigeles, Califor¬ 
nia, says, “We don’t have to spend time 
developing a new interface, and we 
have easier access to graphics func¬ 
tions, allowing easier use of graphics 
and more useful text/graphics displays.” 

“Most important is graphically 
showing relationships between different 
database views, and allowing the user 
to select the appropriate view from the 
database icon,” says Bradley T. Mar¬ 
shall, senior analyst, B. T. Marshall 
Company, Towson, Mar\dand. 

THE BAD 

Both supporters and opponents recog¬ 
nize the existence of problems, such as 
the need for more complicated code 
and hardware, increased work for de¬ 
velopers, and the difficulty of establish¬ 
ing standards. Advocates believe these 
problems can be solved or that tliey 
are outweighed by the advantages. 

Critics further complain that graph¬ 
ics user interfaces contribute to con¬ 
flicts within applications, do not allow 
the developer to flag command files for 


Could a graphics user inter¬ 
face improve the applications 
that you are developing? 


NO 

28% 




multiple modes, make prioritizing 
batch processes difficult, reduce devel¬ 
oper flexibility and innovation and 
cause them to focus on presentation 
over content, and act as an unwelcome 
barrier between the developer and 
operating system. 

Stressing tlie critical importance of 
a standard interface being applied con¬ 
sistently, Scott Whitmire, president of 
Advanced Systems Research Ltd., Ren¬ 
ton, Washington, says, “If different ap¬ 
plications use the interface differently, 
users could end up more confused 
than they are now.” 

Developer reluctance to use a 
mouse and the extra hardware re¬ 
quired (graphics subsystem, RAM, fast 
CPU, video memory, math coprocessor, 
and mouse) are other roadblocks to 
acceptance. “[A graphics user interface] 
limits your market to those who have 
graphics and mice—what about the 
typical user?” asks Bob Nance, consult¬ 
ant, NEWLiFE Software and Consulting, 
Clarksdale, Mississippi. 

THE UGLY 

A standard graphics user interface is 
well-supported by respondents, but 
many are concerned about the state of 
affairs as one evolves. “Until video- 
quality graphics are the standard, the 
graphics standard will be a moving tar¬ 
get, thus a problem in development,” 
says Joseph Sabin Jr., director of sys¬ 
tems development. New Hope Commu¬ 
nications, New Hope, Pennsylvania. 

A standard will be better accepted 
if it allows developers and users to 
bypass the interface as desired and in¬ 
corporates the mouse’s pointing and 
cursoring ability into the keyboard. 

The advantages of graphics user 
interfaces, however, do not come 
cheap. In addition to inflated RAM and 
CPU requirements, respondents say 
tliey expect higher application prices 
because of the extra time and complex¬ 
ity required for development. Imiimiiii^l 
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Do you have 
what it takes 
to be an ALR 

dealer? 


Can you cope with fame? 

"ALR products make headlines. Broad 
exposure from trade reviews and 
national advertising campaigns create 
public demand. This makes ALR dealers 
very popular." 

Alan Weinberger - President - 
The ASCII Group, o 160 member 
nationwide chain 


Can you be 
a 

"Yes Man"? 

"We've had to 
learn to say yes, 
a lot. Yes to 
speed, po\A/er 
and 

affordability. Yes 
to Novell 
expandibility 
and a complete 
variety of 
networking 
solutions." 


Sam Woo - President - 

Micro Age Computer Store, Dattas, TX 


Can you say goodbye to 


your middleman? 

"ALR only sells through authorized 
dealers which means you dont get a 
knife stuck in your back. It also means 
direct support from the factory. 
Support from ALR's sales staff, cus¬ 
tomer service staff and technical sup¬ 
port staff. ALR also offers Dealer 
Incentive Programs such as Flooring, 
Co-Op Advertising, and some of the 
highest margins in the industry." 

Tom Diroff - President - 

Technology Partners, Ann Arbor, Ml 


Can you handle success? 

If you think you can live with this kind of success, you may 
have what it takes to be an authorized Advanced Logic 
Research Reseller. If you know you can handle satisfying 
customers with the most advanced computing systems 
available, or your looking for an ALR dealer who already 
is, call ALR today at 
1 -800-366-2574 and we'll send 
you dealer information 
and a product package. Advanced Logic Research, Inc. 

Maybe you do have lo Chrysler, Irvine, CA 92718 

what it takes. 714 - 581-6770 

FAX: 714-581-9240 
Telex: 5106014525, 

Answerback Advanced Logic 


CIRCLE NO. 116 FOR RE-SELLER, NO. 118 FOR END-USER. 
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CROSSTALK and DCA are registered trademarks of Digital Communications 
Associates, Inc. IRMA, Smart Alec and CASL are trademarks of Digital Communi¬ 
cations Associates, Inc. IBM is a registered trademark of International Business 
Machines Corp. DEC is a registered trademark of Digital Equipment Corp. 

CIRCLE NO. 167 ON READER SERVICE CARD 


Whatever dialect of IBM you need to speak, 
CROSSTALK® Mk. 4 makes the connection. 


Now, one program does the job that used to require several. 
CROSSTALK® Mk. 4 allows high-speed direct communications 
between PCs and minicomputers, or (with an IRMA*^ board) 
between your PC and an IBM Mainframe, or (with Smart Alec^'^) 
between your PC and IBM System 3x’s. If you like, CROSSTALK 
can support all of these sessions (and others) simultaneously, 
and display each session in its own window. 

CROSSTALK Mk. 4 emulates all the terminals you’re likely 
to find useful. That includes IBM 3101 (page and character 
modes), IBM 525x, IBM 529x, IBM 327x, as well as many 
popular async terminals like the DEC VTIOO and VT220 
series. CROSSTALK Mk. 4 includes the powerful CASU"" 
programming language, which allows you to automate 
communications applications quickly and easily. 

So if you’re used to thinking of CROSSTALK just to 
use with a modem, you’re missing some important 
connections. Ask your dealer for details, or write: 

Digital Communications Associates, Inc. 

1000 Holcomb Woods Parkway / Roswell, Georgia 30076 
1-800-241-6393 

CRO^aALK * 

COMMUNICATIONS 

vx/ 





